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THE EFFECT OF PRESSURE ON THE MIGRATION AND 
ACCUMULATION OF PETROLEUM!’ 


F. M. VAN TUYL? AND R. C. BECKSTROM: 
Colorado School of Mines, Golden, Colorado 


ABSTRACT 


This paper describes several experiments in which various types and arrange- 
ments of sedimentary materials, after being charged with oil and water in such a 
way as to simulate conditions in nature, were placed in a steel cylinder and com- 
pacted at high pressures. The results are believed to justify the conclusion that the 
compaction of petroliferous sediments either as a result of the weight of the over- 
lying load or of deformation is an important cause of the movement of oil into 
reservoir rocks, 


INTRODUCTION 


One of the fundamental problems of petroleum geology is the 
determination of the conditions controlling the migration and 
accumulation of oil. It is obvious that the occurrence of petroleum 
can be more accurately predicted when additional information is 
available concerning its mode of accumulation. Up to the present 
time comparatively little experimental work has been done bearing 
on this question, most geologists being content to theorize on the 
subject. 

In the years to come, as the methods of searching for new oil 
fields become more refined, greater definiteness of ideas will be 


* Read before the Association at the Wichita meeting, March, 1925. Manuscript 
received by the editor, June, 1926. 
2 Professor and Head of the Department of Geology, Colorado School of Mines. 


3 Professor and Head of the Department of Petroleum Engineering, Colorado 
School of Mines, 


917 


ite 
x 
™ 
a 
de 
| 


918 F. M. VAN TUYL AND R. C. BECKSTROM 


insisted upon. It is apparent that a considerable amount of valuable 
data can be obtained from experiments conducted under conditions 
simulating those existing in nature. 

The experiments which the writers are about to describe were 
undertaken in order to determine, in a general way, the influence 
of the compaction of sediments upon the accumulation of petroleum. 
The present work is only preliminary to more detailed investiga- 
tions which are now under way and which favor more accurate 
quantitative measurements. 


APPARATUS FOR COMPACTING EXPERIMENTS 


The apparatus employed in the preliminary tests was constructed 
as follows: A steel cylinder 11 in. high was prepared from a pipe 
with an inside diameter of 4 in., the original diameter of which was 
reamed out to 4} in. in order to give a uniform diameter and a 
smooth inner wall. One end was then closed by welding in a steel 
disk. A piston in the form of a heavy steel disk with a firmly at- 
tached piston rod 1} in. in diameter was then turned down on the 
lathe exactly to fit the bore of the cylinder (Fig. 1). 

The apparatus was charged several times with various types and 
proportions of sedimentary materials either dry, or saturated with 
water, or oil, or mixtures of the two. Pressures were applied by a 
Riehle compression machine. Observations and measurements of 
the fluids evolved, which were drawn off with a pipette, were made 
at intervals during the progress of the experiments. Unfortunately 
it was not possible to observe directly the changes which took place 
in the sediments or the movement of the fluids within the cylinder. 
It was necessary to dismantle the apparatus after pressure had been 
applied and examine the individual layers of the charge as they were 
removed. All of the experiments were conducted at ordinary room 
temperature. 


DESCRIPTION OF INDIVIDUAL EXPERIMENTS 
EXPERIMENT I 


In this experiment an attempt was made to determine the effect 
of the compacting of loose, medium-grained sand thoroughly satu- 
rated with equal volumes of oil and water. 
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Operation A.—One thousand cc. of sand of medium texture’ were 
found to be capable of absorbing 426 cc. of fluid. The porosity, 
therefore, was 42.6 per cent. A charge was prepared consisting of 
1000 cc. of sand, 213 cc. of water, which was mixed in first, and 213 
cc. of Salt Creek crude (38.8° Bé.). The mixture was then placed 
in the steel cylinder, the piston in- 
serted, and pressure applied in suc- 
cessive increments of 2,000-6,000 Ib. 
at intervals of several minutes up to 
a total pressure of 45,000 Ib. (about 
3,375 lb. per sq. in.). (See Table I.) 
At this pressure the evolution of fluid 
practically ceased. During the period 
of the lower pressures, early in the ex- 
periment, the water tended to come 
off more rapidly than oil, but as the 
pressure increased the proportion of 
oil to water became nearly the same, 
and finally, at the higher pressures, 
the proportion of oil to water was 
high, although the volume of fluid 
evolved was small. After a pressure of 
45,000 lb. had been attained, the ap- Fic. 1 
paratus was allowed to stand under _ 
this load for 6 hours and 9 minutes. There was very little addi- 
tional compacting, only about 1 cc. of evolved fluid being obtained 
at the end of this period. 

The total fluid recovery was 208 cc., of which the water amount- 
ed to 115 cc. and the oil to 93 cc. The volume of the charge was 
therefore reduced from 1,000 cc. to 792 cc., and the pore space from 
42.6 to 27.5 per cent. The degree of compacting of the sand was 
20.8 per cent. 

Operation B.—The previously described experiment was re- 
peated, using the same volumes of sand, water, and oil, but in this 
test oil was mixed with the sand first, thereby causing films of oil 


t All of the grains passed through a 20-mesh screen; about 50 per cent, through a 
30-mesh; and very few of them, through a 40-mesh screen. 
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to be formed about the sand grains before the water was added. 
In this operation the results were very similar to those obtained in 
the preceding operation, except that a slightly larger amount of fluid 
was evolved (214 cc.) and the proportion of water to oil was larger 
(131 cc. to 83 cc.). (See Table II.) 

It is interesting to note that the compacting of the sand in both 
cases resulted in a larger proportion of water being evolved than oil, 


TABLE I 


SHOWING EFFECT OF COMPACTION OF MEDIUM-GRAINED SAND SATURATED 
wiTtH Equat Amounts OF Ort AND WATER, THE SAND BEING 
WETTED WITH WATER First 


Total Load) Approxi- | Total Time Yield of 
nome Charge (Ib. Pressure ce. Pressure 
by | per eu in} | Presures | & 
1,000 75 15 5 7 7 28 28 
3,000 225 |8 13 31 38 27 55 
6,000 450 {18 31 5 43-5 12.25 67.25 
9,000 675 |7 38 4 47-5 9 76.25 
12,000 II 49 4 51.5 14 90.25 
15,000 | 1,125 | 7 56 3 54-5 5 95-25 
18,000 | 1,350 | 4 I 00 4-5 59 4 99.25 
21,000 | 1,575 | 7 I 07 6 65 4-5 103.75 
24,000 8 I 5 7° 3 106.75 
27,000 2,025 5 I 20 2.5 72.5 2 108.75 
30,000 2,250 | 4 I 24 2.5 75 I 109.75 
36,000 | 2,700 | 3 2 87 6 81 a III.25 
40,000 3,000 |14 I 10 gI 4.5 114.75 
39,000 2,925 | 6hr.gom.| 7 50 I 92 ° 114.75 
45,000 | 3,375 |10 8 oo I 93 0.25 | 115 


the proportion being larger in the second case. Another observation 
of importance is that the compacting of the sand practically ceased 
at a pressure of 45,000 Ib. 

EXPERIMENT 2 


This was also a sand compacting test, a fine-grained variety 
being employed. About two-thirds of the sand by volume passed 
through a 4o-mesh screen, and nearly all of the remainder 
through a 30-mesh screen. The porosity of the sand having been 
determined to be 4o per cent, a charge was prepared consisting of 
1,000 cc. of sand, 200 cc. of water, and 200 cc. of Salt Creek crude, 
the water being mixed in first. When pressure was first applied oil 


| 
q 
f 
| 


MIGRATION AND ACCUMULATION OF PETROLEUM 921 


came off rapidly, but very little water appeared. For example, at 
1,000 Ib. (equivalent to about 75 lb. per square inch) the recovery 
was 40 cc. of oil and only three or four drops of water. As the pres- 
sure was increased the proportion of water to oil became larger, and 
finally, at intermediate and higher pressures, the water equaled, or 


TABLE II 


SHOWING EFFECT OF COMPACTION OF MEDIUM-GRAINED SAND SATURATED 
WITH EQuaL AMOUNTS OF Orl AND WATER, THE SAND BEING 
WETTED WITH First 


A - Total T: Yield of 
mate Unit Charge Was Cumulative Water at 
Pressure on - Subjected to Yield of Oil Each 

Charge (Ib Pressure Pressure (cc.) Water 

2,000 150 3 3 25-5 25-5 55 55 
3,000 225 2 5 28 62.5 
6,000 450 15 20 5 33 19 81.5 
9,000 675 6 26 3-5 36.5 10 91.5 
12,000 goo II 37 6 42.5 8.5 100 
15,000 1,125 7 44 4.5 47 6 106 
18,000 | 1,350 7 51 4 51 3-5 109.5 
21,000 1,575 7 58 4 55 3-5 113 
24,000 1,800 8 I 06 5 3-5 116.5 
27,000 2,025 5 = 2 4 64 3 119.5 
30,000 2,250 4 2 66 121.25 
36,000 2,700 4 I- 19 4 7° 1.75 123 
40,000 3,000 15 I 34 10 80 $.8 128.5 
45,000 35375 24 1 58 2.5 82.5 2 130.5 
45,000 35375 8 2 06 0.5 83 0.5 131 


exceeded, the oil in nearly every measurement. The total recovery 
at 45,000 lb. was 137.5 cc. of fluid, the water constituting 43 cc. and 
the oil 94.5 cc. (see Table III). The reduction in volume of the sand 
as a result of compacting was 13.75 per cent, and the reduction in 
pore space, from 40 to 30.43 per cent. 

In the accompanying table (see Table IV) these results are com- 
pared with those obtained in the first and second operations of 
Experiment 1, in which sand of a coarser, more uniform grain was 
used. 


INTERPRETATION OF EXPERIMENTS I AND 2 


It will be observed that in Operation B of Experiment 1, in 
which oil was mixed with the sand first, the compacting of the sand 
was greater and the recovery of oil smaller than in Operation A, in 
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which water was mixed with the sand first. The explanation which 
most readily suggests itself for this phenomenon is the lubricating 
effect of the oil films and the retention of the oil by the sand as a 
result of adhesion. 

In comparing the results of Operation A of Experiment 1, with 
those of Experiment 2, in both of which water was mixed with the 
sand first, we find that the yield of water was very much smaller in 


TABLE III 


SHOWING EFFECT OF COMPACTION OF FINE-GRAINED SAND SATURATED WITH 
Equat AMouNTS OF OIL AND WATER, THE SAND BEING 
WETTED WITH WATER First 


on Cylinder | | time in Time | vild of Oi| comuative| | Cumulative 
Pressure on MWarlous [Subjected to gt | Yield of Oil| Each 
rge e ressure cc. ressure 

per in.) Pressures (ce.) ( (cc.) (ce.) 
1,000 75 4 4 40 40 0.5 0.5 
3,000 225 6 10 12 52 0.5 I 
6,000 45° 7 17 10 62 3 4 
9,000 675 3 20 5 67 3 7 
12,000 goo 4 24 4 71 3 10 
15,000 | 1,125 5 29 5-5 76.5 5 15 
18,000 | 1,350 5 34 2.5 79 4 19 
21,000 | 1,575 14 48 4 83 8.5 27.5 
24,000 1,800 6 54 I 84 4 31.5 
27,000 2,025 7 I or I 85 2 33-5 
30,000 2,250 5 r 06 1.5 86.5 2 35-5 
36,000 2,700 5 2 88.5 2 37-5 
40,000 | 3,000 7 1 18 2.5 oI 2.5 40.0 
45,000 | 3,375 4 I 22 2.5 93-5 2 42 
45,000 | 3,375 7 I 29 I 94-5 I 43 


the latter experiment. We ascribe this difference to the greater num- 
ber of capillary openings in the finer sand. These would tend to re- 
tain water more tenaciously than oil, and the oil would therefore be 
squeezed out in greater proportion. From a study of the foregoing 
data one would be led to believe that when light oil rises, or both’ 
light oil and water rise, into water-soaked reservoirs of sand, as a 
result of the compacting and the underlying sediments, the oil would 
tend to accumulate to a greater extent in the coarser sands than in 
the finer sands. In cases where light oil rises into fine wet sands it is 
probable that a large proportion passes on through to be trapped in 
a coarser sand above, if such a sand exists. We shall find in inter- 
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preting the results of the next experiment that this does not nec- 
essarily apply to the low-grade heavy asphalt base oils, except pos- 
sibly at higher temperatures. 

The fact that the compacting of the sand was nearly complete at 
a pressure of 45,000 lb. indicates that very deep burial is not re- 
quired to compact sands in nature. If we assume the proportion of 
sediments in a typical stratigraphic column to be 80 per cent shale, 
15 per cent sandstone, and 5 per cent limestone, and that these sedi- 
ments are already compacted, a depth of about 3,000 ft. would be 


TABLE IV 
ExPERIMENT I 

(Meptum SAND) Exrrrment II 

(Five SAND) 

Operation A Operation B 

: before pressure............... 42.6% 42.6% 40.00% 

Porosity { Se eee 27.5% 27.2% 30.43% 
Original charge of oil................... 213.0 CC. 213.0 CC. 200.00 CC. 
93.0 CC. 83.0 CC. 94.50 Cc. 
Original charge of water................. 213.0 CC. 213.0 CC. 200.00 CC. 
II5.0 cc. 131.0 CC. 43.00 CC. 

20.8% 21.4% 13-75% 


required to produce a pressure equivalent to that employed in the 
compacting tests. However, we must take into consideration the 
fact that the sediments of the upper part of such a column would be 
uncompacted and that their specific gravity therefore would be less 
than that for the average compacted rock. The required depth, 
therefore, would be somewhat greater than estimated. 


EXPERIMENT 3 
Equal proportions by weight (1,150 gs.) of Benton shale’ ground 
to 100-mesh, Poison Spider crude (12.7° Bé.) and water were 
thoroughly mixed and the cylinder charged as follows (Fig. 2): 


Inch 
Sand (40-mesh) saturated with water............ I r 
Shale (100-mesh) with oil and water............. 2.5 
Sand (20-mesh) saturated with water............ 1.0 
Shale with oil and water as above............... 2.5 
Sand (20-mesh) saturated with water............ 1.0 


* The shale used in this and succeeding experiments was obtained near Golden, 
Colorado. 
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The pressure was raised by steps over a period of 2} hours to 
16,000 Ib. (about 1,200 lb. per sq. in.). Considerable water was 
evolved both around the piston at the top of cylinder and through 
leaks at the base of the cylinder, but no oil appeared at either 
place. Upon releasing the pressure and removing the piston the sedi- 
ments were examined. The top and bottom sands were strongly dis- 
colored and were found to be nearly staurated with oil. The middle 
sand was only slightly discolored, but a microscopic examination 
revealed the fact that although it retained much of the oirginal water 
there were many small irregular patches of oil on the water films. 

It is very interesting to observe that the heavy oil, upon being 
driven from the shale, displaced water from the wet sands in place 
of passing through these reservoirs and escaping. Apparently the 
water was displaced from the fine sand at the top with about the 
same ease as from the coarser sand at the bottom. The lower satura- 
tion of the middle sand with oil is probably to be explained on the 
basis of a much slower escape of water because of the more im- 
pervious character of the overlying and underlying material. 


EXPERIMENT 4 


One thousand cc. of gray Benton shale ground to pass a 100-mesh 
screen were mixed with 150 cc. of water, after which 150 cc. of 
Poison Spider crude were added and stirred in until a thick mud was 
obtained. This was transferred to the cylinder, a wire screen placed 
above, and then 150 cc. of dry screened sand of medium texture 
were added. This formed a layer about 1 inch in thickness (Fig. 3). 
A preliminary experiment had indicated the sand to have a porosity 
of 40 per cent before pressure, and 23.1 per cent after compression 


“under a load of 60,000 Ib. (about 4,500 lb. per sq. in.). 


After the charge had been subjected to a pressure of 2,000 lb. 
(about 150 Ib. per sq. in.) for five minutes no sign of fluid appeared — 
above the piston. The cylinder was then removed from the machine 
and the sand at the top of the charge examined. The lower one-fourth 
inch of this was found to be thoroughly saturated with oil. No sign 
of water was observed. The plane of contact between the oil-soaked 
sand and the dry sand was sharp and even. 

The apparatus was returned to the testing machine and the 
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pressure raised to 5,000 lb. (about 375 lb. per sq. in.), where it was 
again held for five minutes. A re-examination of the sand revealed 
that the lower three-eighths inch of it was saturated with oil, and 
upon the surface of this saturated layer were many small mounds 
of moist sand formed by the rise of small amounts of water through 
the oil sand and the dampening of dry sand above. 

Next the pressure was held at 8,000 lb. (about 600 lb. per sq. in.) 
for 5 minutes. Half an inch, or the lower half of the sand, was then 


Fic. 2 Fic. 3 


found to be saturated with oil. Moist mounds of sand were about 
twice as numerous on the surface of the oil sand as in the preceding 
case. 

After raising the pressure to 15,000 lb. (about 1,125 lb. per sq. 
in.) and holding it for five minutes no fluid appeared around the 
piston. The pressure was then raised by increments of 5,000 lb. 
each five minutes until a load of 25,000 lb. (about 1,875 lb. per sq. 
in.) was reached. Fluid first appeared at this pressure, about five 
drops of oil and two drops of water being recovered with the pipette. 
The load was then increased by steps of 5,000 lb. at intervals of a 
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few minutes until a pressure of 50,000 lb. (about 3,750 lb. per sq. in.) 
was reached. The fluid came off very slowly as before, the total 
yield being only about 3 cc. of water and 3 cc. of oil. Upon examining 
the charge the shale-water-oil mixture was found to be still soft and 
sticky. 

EXPERIMENT 5 

The charge was the same as that in Experiment 4, with the excep- 
tion that Salt Creek crude was mixed with the shale in place of 
Poison Spider crude (Fig. 3). After a pressure of 2,000 lb. (about 150 
Ib. per sq. in.) had been applied for 5 minutes the sand was found to 
be thoroughly saturated with oil, and in addition 20 cc. of oil were 
drawn off from above the piston. The pressure was then raised to 
5,000 lb. (about 375 lb. per sq. in.) for five minutes and 15 cc. of oil 
drawn off. At 8,000 lb. 7 cc. of oil were driven off. The yield at 
15,000 lb. was 8.5 cc. of oil and 0.25 cc. of water. Ten cc. of oil and 
0.5 cc. of water were given off at 20,000 lb. Water continued to in- 
crease, and at a pressure of 60,000 Ib. a total of 95 cc. of fluid had 
been recovered, 86 cc. of which were oil, and 9 cc. of water (see Table 
V). 

The compacted sand, according to calculation, would be capable 
of containing 27 cc. of fluid. If we assume that water and oil were 
present in this sand in the same proportion as they appeared above 
the piston, 2.5 cc. of water and 24.5 cc. of oil should have been 
present in it. This would make a total yield of 110.5 cc. of oil, or 
73.6 per cent of that originally in the shale, and the total water 
recovery would be 11.5 cc., or 7.6 per cent of that in the original 
mixture. 

Upon removing the charge the shale-water-oil mixture was found 
to be only partly compacted. If the pressure had been applied over 
a longer period of time the oil recovery would have been larger. _ 

A comparison of the results obtained in this experiment with 
those of the preceding one in which heavy Poison Spider asphaltic 
base crude was used furnishes some very interesting data. For ex- 
ample, in the fourth experiment a pressure of 2,000 lb. over a period 
of 5 minutes caused the saturation of only the lower quarter-inch 
of the sand, while in the last experiment, in which Salt Creek crude 
was used, the same pressure over the same period of time not only 
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caused the sand to become thoroughly saturated, but caused 20 cc. 
of oil to accumulate above the piston. The total yield above the 
piston using Poison Spider crude was 3 cc. of oil and 3 cc. of water, 
while that using Salt Creek crude was 86 cc. of oil and g cc. of water. 

The above discrepancy of yield may be explained by the great 
difference in viscosity of the two oils. It is also probable that there 
was a greater absorption of the asphaltic oil by the shale. 


TABLE V 


SHOWING THE EFFECT OF COMPACTION OF SHALE SATURATED WITH EQUAL 
AMOUNTs OF OIL AND WATER, THE SHALE BEING WETTED 
WITH WATER FIRst 


Approxi- Total Time | Yield of 
mate Unit Charge Was Y Cumulative} Water at 
in ¥ ound aS! Pressure on ser Subjected to Yield of Oil Each --enahen 
Machine | Pet 84: hr. m. 
2,000 150 5 5 20* 20* ° ° 
3 75 8 13 15 35 ° ° 
»O0O bose] 7 20 7 42 ° ° 
15,000 1,125 7 27 8.5 50.5 «9S 0.25 
20,000 1,500 8 35 10 60.5 .50 0.75 
25,000 1,875 6 41 6 66.5 I 1.75 
30,000 2,250 8 49 6 72.5 1.50 3.25 
35,000 | 2,625 6 55 4-5 77 1.25 4.50 
40,000 3,000 7 I 02 3 80 2 6.50 
45,000 3,375 6 r 08 2 82 0.75 7.25 
50,000 | 3,750 II I 19 3 85 1.00 8.25 
60,000 4,500 6 I 25 I 86 0.75 9 


* Does not include oil saturating the sand. 


EXPERIMENT 6 


The purpose of this test was to determine the efficiency of oil 
in displacing water from a sand containing oil in its upper part and 
water in the lower. Therefore only oil was used in the shale mix- 
ture. The charge consisted of 1,000 cc. of Benton shale (100-mesh) 
intimately mixed with 300 cc. of Salt Creek oil, overlaid by a layer 
of 300 cc. of medium-grained sand from the same source as that used 
in Experiment 1, the upper half being saturated with 63.9 cc. of 
Salt Creek crude and the lower half with 63.9 cc. of water (Fig. 4). 
After raising the pressure to 1,000 lb. (about 75 lb. per sq. in.), and 
holding it for 18 minutes, fluid was removed from the top of the 
piston by means of a pipette. This fluid consisted of 30 cc. of water 
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and 45 cc. of oil. At a pressure of 15,000 lb. (about 1,125 Ib. per 
sq. in.) 9.5 cc. of oil without water were recovered from the top of 
the piston, and 5 cc. of oil as leakage at the bottom of the cylinder. 
The proportion of oil to water continued to be large during the 
remainder of the experiment. After a pressure of 50,000 Ib. (about 
3,750 lb. per sq. in.) had been at- 
tained, the apparatus was left in the 
machine under this load. At the end 
of 12 hours the pressure had fallen to 
40,000 lb. (about 3,000 Ib. per sq. 
in.), and no additional fluid had ap- 
peared around the piston, though 
8.5 cc. of oil were recovered from the 
base of the cylinder. The total yield 
of fluid at the top of the piston was 
125 cc., consisting of 89 cc. of oil and 
36 cc. of water, while the recovery at 
the bottom of the cylinder was 89.7 
cc. of oil and no water. The total 
yield was 214.7 cc., of which 178.7 cc. 
were oil and 36 cc., water. 

Inasmuch as it was observed that 
the oil that came off from the bottom 
of the cylinder was lighter in color than that which appeared 
around the piston during the progress of the experiment, it was 
deemed advisable to compare the gravity of these recovered oils 
with that of the original crude. The results are indicated in the 
table below: 


Fic. 4 


630-44 36.8° Bé 


The increase in gravity of thé bottom oil undoubtedly resulted 
from the filtering effect of the shale, while the decrease in gravity of 
the top oil may have been due in part, at least, to emulsification with 
water. 

The apparatus was removed from the machine and the sand. ex- 
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amined. The upper half (original oil sand) was well saturated and 4 a 
was darker in color than the lower half, which originally contained a 
only water. However, the lower half was distinctly discolored with ee. .. 
oil, and a coloration test with carbon tetrachloride indicated that the a 
upper part of this contained a little more oil than the lower. This : 
relationship may have resulted from the partial separation of the : 
water retained in the sand owing to differences in specific gravity. es am 
It will be recalled that the charge was left under pressure for more * is 
than 12 hours. ae 
Assuming a reduction of volume of 20.8 per cent, and of pore i 2 


space from 42.6 to 27.5 per cent, at a pressure of 45,000 lb. (about 
3,375 lb. per sq. in.) as determined for this sand in Experiment 1, 
it is apparent that the water sand and oil sand were each capable of 
containing 32.7 cc. of fluid at this pressure. Inasmuch as 36 cc. of 
the original amount of water (63.9 cc.) were recovered at the top 
of the piston, only 27.9 cc. of water were retained in the charge after pee 
pressure was removed. It is therefore apparent that 4.8 cc. of the | 
recovery water were displaced by oil which moved into the water 5. al 
sand from the mixture below. A small amount of displaced water . 
moved into the original oil sand above, as indicated by microscopic cia a 
examination. 

The total yield from the cylinder was 178.7 cc. of oil. It is as- - 
sumed that 31.2 cc. of this came from the top oil sand as a result of 
compacting, and that 4.8 cc. of oil migrated from the oil and shale 
mixture into the water sand. Therefore the total yield of oil from 
the shale was about 142.7 cc., or 47.6 per cent of that originally igo 
present in it. a 

The oil and shale mixture was found to be very tough and com- 
pact after pressure, and considerable difficulty was experienced in 
removing it from the cylinder. 


CONCLUSIONS" 
From a study of these data, the writers are inclined to believe 
that the compacting of sediments, either as a result of the overlying rts : 
Since this paper was prepared the authors’ attention has been called to a brief Z ; 
j article by E. T. Thomas describing similar pressure experiments performed at the ; 
University of Chicago. See Bulletin American Association Petroleum Geologists, Vol. 8 ea ; 
(1924), pp. 527-28. 
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load or of deformation, may be a more important cause of the migra- 
tion of oil into reservoir rocks than has previously been assumed. 
However, other factors are undoubtedly very important in bringing 
about further concentration of the oil in favorable structures. 

It should be pointed out that in nature the proportion of oil to 
water in petroliferous shales has undoubtedly been smaller than in 
the mixtures employed in these experiments, so that early in the 
process of compacting, water has probably passed off to some extent 
at least before an appreciable amount of oil has left the shales. 
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A QUICK METHOD FOR DETERMINING POROSITY 


W. L. RUSSELL 
State Geological Survey, Vermilion, S. D. 


ABSTRACT 


The author describes a quick method for determining porosity in oil and gas 
sands by means of a reasonably cheap apparatus than can easily be carried in field- 
work. The novel feature of the method described lies not so much in the mechanism 
as in the use of acetylene tetrachloride, which possesses the advantageous features of 
readily entering the pore space of all types of sand without causing disintegration 
and without rapid evaporation. An idea of the accuracy of this method is given by 
an analysis of each possible source of error, both in method and apparatus, and the 
conclusion is reached that the acetylene tetrachloride method affords a reasonably 
accurate means for the determination of porosity, especially useful for rapid work. 


INTRODUCTION 


During recent years there has been a growing realization of the 
importance of porosity in oil and gas production. Melcher" has de- 
scribed an accurate method for the determination of pore space, and 
has demonstrated the remarkable manner in which it governs the 
rate of production. The use of porosity in estimating the amounts 
of oil and gas in a sand is well known, and it will doubtless come to 
play an important part in determining the processes which will be 
used to extract the vast quantities of oil left in the ground after the 
pools have become exhausted by the usual pumping and flowing 
methods. 

There is a real need for an apparatus which will give reasonably 
accurate porosity determinations in a short time, and in addition to 
being quick, can easily be carried around in the field and set up 
anywhere. Such an apparatus, by which determinations may be 
made in about half an hour, is described in the present paper. 


THE APPARATUS 
The chief novel feature of the method devised by the writer lies 
not so much in the mechanism employed, as in the use of acetylene 


* A. F. Melcher, ‘Texture of Oil Sands with Relations to the Production of Oil,” 
Amer. Assoc. Petr. Geol. Bull., vol. 8, p. 716. 1924. 
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tetrachloride. The apparatus, as illustrated, consists of two gradu- 
ated glass tubes which at one end are enlarged into the space A, 
and at the other end are enlarged into the space B, and ground to 


H—GRADUATED TUBES 
ZERO POINT 


Fic. 1.—Sketch of the apparatus for the determination of porosity in the acety- 
lene tetrachloride method. 


fit tightly into the stopper. The apparatus is constructed so that 
when the stopper is in place, as shown in the illustration, the volume 
below the base of the lowest graduation on the tubes, marked “zero 
point,”’ is equal, or nearly equal, to the volume above the top of the 
highest graduation on the graduated tubes, marked Z’. Hence, if 
the level of the liquid in the tubes is at Z’ when the apparatus is 
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inverted, it will be at the zero point, or close to it, when the upright 
position is resumed. In other words, considering Z’ as the zero point 
when inverted, the reading will be the same, or about the same, in 
either position. As the instruments are not generally constructed so 
that the volumes below the zero point, and above Z’, are exactly 
equal, it is necessary to apply a small correction (called the correc- 
tion for zero point), which is the same for each instrument at the 
same temperature. The advantage of having two tubes is that the 
instrument is much shorter than if one were used. 

In making determinations the stopper is taken off, the tubes 
inverted, acetylene tetrachloride poured into them until space A is 
filled, and the liquid rises to point Z’, or a short distance above it, 
and a reading of the level of the liquid is taken. Meanwhile, the 
specimen has been immersed in acetylene tetrachloride until the air 
bubbles have ceased to issue from it, and the surfaces of the tubes 
which come into contact with the stopper have been rubbed with 
stop-cock grease. The specimen is taken out of the acetylene tetra- 
chloride, the liquid adhering to its outer surface is wiped off, and 
it is placed in the stopper. The stopper is fitted over the tubes, and 
the apparatus placed in the upright position, as shown in the illus- 
tration. A second reading is then taken of the height of the liquid 
in the graduated tubes. The second reading plus or minus the correc- 
tion for zero point equals the volume of the solid specimen, that 
is, the volume of the constituent grains plus the pore space. The 
specimen is then crushed in a mortar until the particles have the 
same size as the grains forming the sandstone sample, and the pow- 
der thus formed is spread out to dry. 

The volume of the grains is determined in the same manner as 
the solid specimen, except that before taking the second reading 
the air bubbles adhering to the rock powder must be removed by 
rotating the apparatus in an inclined position. The volume of the 
grains indicated by the apparatus is, of course, not their original 
volume, but the original volume less the loss in grinding. The ori- 
ginal volume may be calculated by weighing the sample before and 
after grinding, and multiplying the volume given by the apparatus 
by the first weight divided by the second. The difference between 
the volume of the solid fragment and the original volume of the 
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grains, divided by the volume of the solid fragment, and multiplied 
by 100 gives the porosity in per cent. In case the specimen contains 
oily or waxy residues, these may be burned out before the beginning 
of the test, or the sample may be weighed before and after crushing, 
but before dissolving out the oily materials. 

In working out the apparatus just described, the writer had 
several different machines of varied types constructed, the first of 
which was furnished by the New York State Geological Survey. 
Acknowledgments are due to Mr. Morgan, of Eimer and Amend, for 
advice in the construction of the apparatus. A somewhat similar 
machine, with a single tube, is used with water to determine the 
specific gravity of cement. 

The cost of the apparatus is about $18.00. 


ADVANTAGES OF USING ACETYLENE TETRACHLORIDE 


For many reasons acetylene tetrachloride is an ideal liquid for 
use in the method described in this paper, which may be called the 
acetylene tetrachloride method. It would not be possible to make 
use of water in this method, for water will not enter the spaces be- 
tween the grains of an oil sand, owing to the repulsion exerted by 
the oily and waxy surfaces. Acetylene tetrachloride will readily enter 
all types of sands. Moreover, water has a tendency to adhere to the 
sides of glass surface in droplets, instead of running uniformly to the 
bottom, while acetylene tetrachloride drains away completely. 
Many very soft and porous sandstones, which will disintegrate into 
loose sand in a few seconds when placed in water, will remain im- 
mersed in acetylene tetrachloride for months without a sign of dis- 
integration. Several other liquids, such as carbon tetrachloride and 
ether, possess most of these properties, but as these liquids evaporate 
much more rapidly than acetylene tetrachloride, the errors due to 
evaporation would be much larger if one of them were used in place 
of acetylene tetrachloride. 


ACCURACY OF THE METHOD 


A high degree of accuracy in porosity determinations is not as 
desirable as might at first be supposed. Sandstones differ so much 
in porosity, not only in different parts of the same bed, but even 
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within the same hand specimen, that often a better idea of the 
porosity could be obtained in a given time by making several fairly 
accurate determinations than one that is highly accurate. 

Different determinations of the same specimen generally differ one or 
two per cent, but it is difficult to tell whether these differences are 
due to errors or to actual differences in the rock. 

Perhaps the best idea of the accuracy of the acetylene tetra- 
chloride method may be obtained by analyzing each possible source 
of error. Tests were therefore made of each possible source with 
the following results: 

1. Errors due to calibration —The accuracy of calibration of the 
instruments was tested by pouring known weights of lead shot into 
the tubes when they were in an inverted position. As the volumes 
displaced by the different weights of shot were in every case pro- 
portional to the weights within the limits of accuracy in reading the 
apparatus, it may be concluded that there is no appreciable error 
due to this cause. The fact that a number of different tests of the 
zero point, and different measurements of the same volume, give 
the same results, shows that there is no appreciable error due to the 
nature of the joint between the tubes and the stopper. 

2. Errors in taking the readings.—The accuracy with which read- 
ings may be taken depends on the lengths of the tubes and the dis- 
tances between the graduations. The tubes in the instruments used 
by the writer could be read to 0.001 cu. in., or to 0.3 per cent poros- 
ity, with a specimen of average size. By making the graduations 
closer, however, the errors due to reading could easily be kept below 
0.1 per cent. 

3. Errors due to air bubbles.—The air is of course not completely 
driven out of the solid fragments when they are soaked in the 
acetylene tetrachloride, but this causes no error unless the air 
escapes during the determination. When the specimens, before being 
taken out of the acetylene tetrachloride, are shaken until no more 
bubbles can be driven out of them, no error results from this cause. 

Any air bubbles remaining adhering to the rock powder while 
the volume of the grains was being measured would of course cause 
an error. When the powder has just been immersed in the acetylene 
tetrachloride, rotating the apparatus in an inclined position dis- 
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lodges many bubbles, but after a few rotations the bubbles cease 
to issue. Prolonged shaking and rotating then fails to dislodge a 
single air particle, and none can be seen with a hand lens. Hence 
there is apparently no serious error from this cause. 

4. Errors in estimating the surface of the specimen.—When the 
volumes of the solid fragments are measured, the liquid adhering to 
their outer surfaces must of course be removed, and this involves 
estimating the position of the surface of the specimen. As an error 
in this estimate equal to about 0.005 inch in the position of the outer 
surface might produce an error of one per cent in the resultant 
porosity, it is obvious that there is a possibility of serious error due 
to this cause, and it is likely that it is largely responsible for the 
irregular differences in the results. As there is no reason to suppose, 
however, that the error is always in the same direction, it is prob- 
able that the results of several determinations would in part check 
one another. This error is common to nearly all methods for deter- 
mining porosity, and even if the surfaces of the fragments were 
coated with paraffine, it is by no means certain that it would enter 
the pores exactly to the same amount each time, or that the inner 
surface of the paraffine would correspond exactly with the outer 
surface of the rock. 

5. Errors due to evaporation.—The evaporation of the liquid from 
the tubes or from the surface of the specimen during the course of 
the determination would of course introduce errors, but a series of 
tests indicates that the amount of evaporation is too small to have 
any appreciable effect. 

6. Errors due to changes in temperature-—As the apparatus is 
somewhat sensitive to changes in temperature, this is probably the 
most serious source of error. The only temperature changes which 
produce errors are those which occur between taking the first read- 
ing, with the tubes inverted, and the second, with the specimen 
inside the stopper. The zero point is at different positions at differ- 
ent temperatures, the change amounting to about o.oor cu. in. for 
a change of 6° F., but as this is known allowance may be made for it. 

As a change in temperature of 1° F. causes a change in the reading 
of about 0.002 cu. in., equivalent to about 0.6 per cent of the volume 
of the specimen, and as about 12 minutes generally elapse between 
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the first and second readings, the rate of change of room-temperature 
should be less than 1° F. in half an hour, unless the change is so 
regular that allowance can be made for it. 

An appreciable error is also produced by handling the apparatus. 
As it is necessary to handle it more in measuring the volume of the 
grains than in measuring the volume of the rock fragment, this error 
tends to make the resultant porosity appear too low. The value of 
this error is generally 0.2 or 0.3 per cent. When gloves are used, 
however, the error is scarcely perceptible. 

It therefore appears that by applying proper precautions the 
errors due to temperature may be reduced to such an extent that 
they are not important. There are, however, nearly always some 
small irregular variations in temperature, which may affect the re- 
sults by a few tenths of one per cent. If necessary, the errors due to 
temperature could be entirely eliminated by immersing the ap- 
paratus in a thermostat. 

7. Errors due to loss in grinding.—Though the errors due to this 
cause may be entirely removed by weighing, as explained above, this 
would require the use of a balance. By measuring the loss in weight 
during grinding of a number of rock samples, it was found that the 
loss was fairly constant for each type of rock. For very porous rocks, 
the porosity of which is between 25 and 40 per cent, the loss ranges 
from 0.8 to 1.5 per cent, and the average is 1.1 per cent. When the 
porosity ranges from 1o to 25 per cent, the loss ranges from 0.2 to 
o.8 per cent, and the average loss is 0.5 per cent. When the porosity 
is less than 10 per cent, the loss ranges from 0.11 to 0.76 per cent, 
and the average is 0.4 per cent. In the case of the exceedingly fine 
sandstones of all types the loss is very high. If the accuracy desired 
is such that errors due to the loss in crushing of 0.2 or 0.3 per cent 
are permissible, the loss may be estimated in this manner, after it 
has been determined for the different types of rock to be tested. 


COMPARISON WITH MELCHER’S METHOD 


In order to check the accuracy of the process, A. F. Melcher 
very kindly made some determinations of a sample already de- 
termined by the writer. A stratum from the Caseyville conglom- 
erate, or thick basal sandstone member of the Pennsylvanian at 
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Wrightsburg, McLean County, Ky., was selected because its 
porosity seemed to be unusually uniform. Six porosity determina- 
tions were made by the writer with the following results: 16.0, 17.2, 
16.9, 16.5, 15.5, and 16.4 per cent; average, 16.4 per cent. These 
determinations were made in the usual manner, weighing the 
samples before and after crushing, but without using gloves or 
immersing the apparatus in a thermostat. Mr. Melcher’s determina- 
tions of the same sandstone were as follows: 


Per cent 
Density Porosity by 
Volume 


Effervescence 
in Acid 


2.64 16.3 Little 
(Density assumed to be same in others) 16.1 Slight 
16.2 Some 
16.5 Slight 


CONCLUSION 


In view of the foregoing considerations, it may be concluded that 
the acetylene tetrachloride method affords a reasonably accurate 
means for the determination of porosity, especially useful for rapid 


work. 
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POROSITY AND CRUSHING STRENGTH AS INDICES 
OF REGIONAL ALTERATION 


W. L. RUSSELL 
State Geological Survey, Vermilion, South Dakota 


ABSTRACT 


A series of tests of samples from different parts of the United States indicate that 
the average porosity of pure quartz sandstones progressively decreases, and the aver- 
age crushing strength progressively increases, as the degree of carbonization of the 
associated coals becomes greater. Since the amount of regional alteration, as indicated 
by the degree of carbonization of the coals, is known to be of considerable importance 
in predicting the oil and gas possibilities of untested areas, it appears that average 
porosity and crushing strength could be utilized to estimate the possibilities of strata 
not associated with coals. Before any extensive practical use of the method can be 
made, however, it will be necessary to make a large number of tests to determine as 
accurately as possible the porosity and crushing strength corresponding to each degree 
of carbonization of the associated coals. 


INTRODUCTION 

The value of the theory that regional alteration, as indicated by 
the character of the coals, may be used to determine the oil possi- 
bilities of untested areas is now generally admitted by petroleum 
geologists. A serious drawback to the theory, however, is that its 
application is obviously limited to areas in which there are numerous 
coal analyses, and to strata associated with the coals. If any means 
could be devised to determine the regional alteration of areas in 
which there are no coals, and of the strata below the oldest coal beds, 
the usefulness of this method of estimating oil possibilities would be 
enormously increased. 

A study of the available data on the subject suggested to the 
writer that the average regional porosity and crushing strength of 
the sandstones might be used for this purpose. A preliminary in- 
vestigation, the findings of which are given in the present paper, sug- 
gests that there is much promise in the method. 


CHARACTER OF THE PROBLEM 


Owing to the great differences in porosity and crushing strength 
in sandstones from the same localities, it is not to be supposed that 
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single determinations from each locality would be of much value. 
The effect of such individual variations might, however, be largely 
eliminated by using the averages of determinations from many 
different exposures and many different horizons. Since the regular 
regional changes in the porosity and crushing strength of the sand- 
stones are caused chiefly by the enlargement of the quartz grains by 
the deposition of more quartz on their surfaces, it is obvious that it 
would be necessary to eliminate all sandstones having appreciable 
amounts of carbonates, iron oxide, and other substances which may 
be deposited between the sand grains at the time of their original 
formation, or soon afterwards. It is also obvious that unweathered 
samples should be obtained whenever possible, since the porosity 
and crushing strength may be greatly altered by the changes which 
take place during weathering and decomposition at the surface. 
Finally, since the method is to be used on comparatively untested 
regions, it is advisable to obtain samples from surface exposures. 

Probably the best way to obtain an accurate estimate of the 
value of porosity and crushing strength in estimating the degree of 
regional alteration would be to make maps of the variations of aver- 
age regional porosity and crushing strength similar to the isocarb 
maps, for the areas in the northern part of the Appalachian coal 
field, where the degree of alteration is accurately known from thou- 
sands of coal analyses, and where there are innumerable exposures 
of sandstones. However, as this would require the measurement of 
the porosity and crushing strength of a vast number of samples, it is 
advisable first to make a preliminary investigation, to determine 
whether or not there is any promise in the method. 


NATURE OF THE INVESTIGATION 


Owing to lack of time and laboratory equipment, it would not 
have been possible for the writer to make the required number of 
porosity determinations by the methods commonly used. The de- 
terminations were therefore made by a special method described by 
the writer’ elsewhere, which gives reasonably accurate determina- 


« W. L. Russell, “A Quick Method for Determining Porosity,” this number of the 
Bulletin. 
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tions in a short time. A few of the determinations were made at the 
University of South Dakota, but most of them were made at Yale 
University early in 1926. The determinations of crushing strength 
were made on the testing machines in the Engineers’-Mechanics’ 
Hall, Yale University, on an apparatus arranged by George Colton. 
Cubes half an inch on a side were used in making the tests. Because 
of the presence of cracks and flaws in the specimens, it was not possi- 
ble to use larger sizes. These cubes do not give the actual crushing 
strength, as commonly expressed in pounds per square inch, but they 
do give the relative strengths, which is what is desired. The sam- 
ples from South Dakota, Iowa, and Nebraska were obtained while 
the writer was examining the geology of these areas for the State 
Geological Survey of South Dakota. The samples from Holmes 
County, Ohio, were collected while he was employed by the East 
Ohio Gas Company. Special trips were made to McLean County, 
Kentucky, Mahoning County, Ohio, and several counties in West 
Virginia for the purpose of obtaining samples. 

The fixed carbon content of the coals associated with the sand- 
stones from the different areas listed in Tables I and III was estimated 
from the isocarb maps of these regions by David White,’ David Re- 
ger,? and the writer. Very few analyses have been made from the 
areas in which the sandstones in Groups 1A and 1B were obtained, 
but the coals are known to be sub-bituminous or black lignites. No 
analyses have been made of the coals on the northeastern side of the 
Black Hills, where the sandstones in Group 2 were obtained, but 
sixteen analyses of bituminous coals listed by Stone* from the west- 
ern side of the Black Hills, where the conditions are similar, range in 
fixed carbon content (on a moisture and ash-free basis) from 46.6 
per cent to 61.5 per cent, the average being 51.8 per cent. 

t David White, “Progressive Regional Carbonization of Coals,” Amer. Inst. Min. 
Eng. Trans., Vol. 71, p. 257, 1926. 

2 David Reger, “Carbon Ratios of Coals in West Virginia Oil Fields,” Amer. 
Inst. Min. Eng. Trans., Vol. 66, pp. 522-26, 1921. 

3W. L. Russell, “Relation between Isocarbs and Oil and Gas Production in 
Kentucky,” Economic Geology, Vol. 20, pp. 249-60, 1925. 


4R. W. Stone, “Coal near the Black Hills, Wyoming, South Dakota,” U.S. Geol. 
Survey Bull. 499, pp. 53-54, 1921. 
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Samples in Group 1 A are from Plymouth and Woodbury counties, Iowa, and Dakota and Thurston 

counties, Nebraska. 
Samples in Group 1 B are from Ziebach County, South Dakota, and are quoted from W. L. Russell, 

“Well Log in Northern Ziebach County,” South Dakota Geol. and Nat. ” Hist. Surv. Circular 18. A correction 
of 0.9 per cent has been subtracted from the original determinations, as that has since been found to be the 
amount of the various errors of the process. 

Samples in Group 2 are from the northeastern slope of the Black Hills in South Dakota. 

Samples in Group 3 are from Doddridge and Harrison counties, West Virginia, and Holmes and 
Mahoning counties, Ohio. 
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Samples in Group 4 are from Barbour County, West Virginia, and McLean County, Kentucky. 
Samples in Group 5 A, B, and C are from Tucker County, West Virginia. 


Samples in Group 6 are from Mineral County, West Virginia. 
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DISCUSSION OF RESULTS 


Classification of the samples.—The results of 88 porosity deter- 
minations and 55 determinations of crushing strength are shown in 
Table I. The samples are classified according to the degree of hard- 
ness, sorting, and weathering. When small bits could be broken off 
with the fingers, but when the rock could not be crushed up with the 
hand, it was classified as “hard.”’ If corners could not be broken off 
it was called “very hard.” When the sample could be broken up 
in the hand, but not crushed to a powder, it was placed in the “soft”’ 
class. When it could be entirely crumbled to a powder between the 
fingers it was considered “‘very soft.” This classification was made 
in every case before the crushing strength was measured. It is ap- 
parent that a very rough idea of the crushing strength, and to some 
extent of the porosity, of the specimens may be obtained by this 
means. 

It was found that the mineralogical character of the grains is 
much more important in its effect on the porosity and crushing 
strength than the actual differences in the size of the particles. Fur- 
thermore, the amount of minerals other than quartz increases as the 
sorting becomes poorer. Hence in classifying the samples according 
to the degree of sorting, those which consisted almost entirely of 
pure quartz were called ‘“‘well sorted,” those which contained small 
but appreciable quantities of other minerals “fairly well sorted,” - 
and those made up in a large part of other minerals “poorly sorted.” 

The samples were also originally classified according to the size 
of the constituent grains, but it does not appear that this has any 
marked effect either on the porosity or the crushing strength. In the 
case of the very soft samples, those which were coarse were abnor- 
mally low in crushing strength, but this is because during grinding 
the grains crumble away from the edge of the specimen, leaving a 
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rounded surface, and because some of the grains project beyond the 
others. When the sample is hard the grains are beveled off during 
grinding, leaving smooth faces with sharp corners. 

Effect of mineralogical composition.—It is evident that accurate 
indications of the degree of regional alteration may be obtained only 
from sandstones composed of granular quartz. Various other min- 
erals, particularly carbonates, which are deposited when the sand- 
stones were laid down, cause abnormally low porosity and abnor- 
mally high crushing strength in regions of slight regional alteration. 
Furthermore, in regions of great regional alteration they may be 
dissolved away during weathering, leaving sandstones of abnormally 
high porosity and abnormally low crushing strength. When the 
original sand contains easily altered minerals, such as feldspars, 
these may undergo decomposition, filling the spaces between the 
grains with the products of their alteration, and thereby lowering 
the porosity and increasing the crushing strength. Such changes 
take place at earlier stages in the regional alteration than the cemen- 
tation of the sandstone by the deposition of quartz around the sand 
grains. Hence confusing differences in the porosity and crushing 
strength will be produced unless the determinations are based on 
pure quartz sandstones alone. 

It will be noticed that many of the poorly sorted sandstones 
shown in Figure 1 are greenish-gray in color, and that these greenish- 
gray sandstones, in regions of slight regional alteration, are much 
lower in porosity and higher in crushing strength than the associated 
well-sorted sandstones. Thin sections of these greenish-gray rocks 
showed plainly that the feldspars are in all stages of decomposition, 
and that the products of their alteration, such as chlorite, epidote, 
and possibly kaolin, fill the spaces between the grains. In many cases 
distinct crystals of the greenish-gray minerals may be seen between 
the quartz sand grains. It is not surprising, therefore, that such 
rocks are much lower in porosity and higher in crushing strength 
than the associated pure quartz sandstones, which, in the regions 
of slight regional alteration, contain very little cement between the 
grains. In Group 1B of Table I there are a number of greenish-gray 
sandstones which are rather high in porosity, and the fact that they 
will all disintegrate into loose sand and mud in a few seconds when 
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placed in water shows that they contain very little cement, and that 
their crushing strength is very low. The greenish-gray minerals of 
these sandstones occurred as sand grains, and not as a cementing 
material. Consequently the porosity and crushing strength were 
not so markedly affected. 

Table I shows plainly that the greenish-gray sandstones and the 
sandstones containing appreciable quantities of minerals other than 
quartz must be eliminated in order to obtain a reliable idea of the 
degree of regional alteration. Poor sorting in the case of sandstones 
composed entirely of quartz will of course also cause a lowering in 
the porosity, since the smaller grains fill the spaces between the 
larger ones, but the resultant loss in porosity is not nearly so great as 
when a cement is formed between the grains. When the feldspar 
and other minerals have been completely decomposed, the resultant 
rock may, if no greenish-gray minerals have been formed, resemble 
closely a highly altered quartz sandstone. However, the cement 
formed by the decomposition of unstable minerals sometimes has 
a milky appearance, and this may serve to distinguish it from the 
quartz cement formed around the sand grains in optical continuity 
with them. 

Effect of original silica—In some very slightly altered rocks, 
such as the Cretaceous and Tertiary formations of the western 
Great Plains, there are occasional occurrences of exceedingly hard, 
flinty sandstones, or quartzites. In these cases the silica may have 
been laid down between the sand grains either during their deposi- 
tion or when they were close to the surface. Thin sections of a num- 
ber of these rocks showed that when the cement was composed of 
silica, it was amorphous or microcrystalline in structure, and not 
in optical continuity with the sand grains. On the other hand, thin 
sections of some of the pure quartz sandstones from regions of high 
regional alteration indicated that in these cases the quartz is gener- 
ally deposited around the grains in optical continuity with them. In 
figuring the regional averages, sandstones in which the quartz ce- 
ment has a microcrystalline, or amorphous, structure should there- 
fore be omitted. Since it is supposed that large crystals will grow at 
the expense of adjacent smaller ones, sandstones close to beds of 
shale should also be excluded, since the silica particles in the shale 
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might dissolve and be re-deposited on the surfaces of the larger 
quartz grains in the sandstones. 

Effect of weathering —Weathering is another important factor 
influencing the accuracy of the results. Its effect on the rocks con- 
taining comparatively unstable minerals is much greater than on 
the samples consisting almost entirely of quartz. It is obvious from 
Table I that the badly weathered samples which are greenish-gray 
are much more porous than the greenish-gray specimens from the 
same regions which are not weathered. In the case of the well- 
sorted specimens the difference is not nearly so marked. 

It is very difficult to eliminate entirely the effect of weathering, 
since in regions of slight relief all of the exposures may be weathered. 
However, by classifying the samples according to the degree of 
weathering, some allowance may be made for this factor, and when 
the samples are collected from cliffs or road cuts, it appears that the 
errors due to this influence are much less than the differences in the 
average regional porosity and crushing strength due to regional al- 
teration. 

Effect of errors in the determinations.—Though the errors of the 
individual porosity determinations may occasionally amount to one 
per cent or more, it is safe to say that these errors do not seriously 
affect averages based on a number of samples. Owing to the pres- 
ence of cracks and flaws in the specimens, to irregularities in their 
shapes and other causes, the errors in the individual determinations 
of crushing strength may amount to 25 per cent, or more, of the 
values obtained. These errors are, however, small compared to the 
great differences due to regional alteration, and their effect is largely 
eliminated in taking the averages. 

Errors due to the personal equation.—Since sandstones in the 
same region display great differences in porosity and crushing 
strength, it is obvious that the success of the method depends on the 
manner of taking the samples. No doubt a person allowing his pre- 
conceived opinions to influence the choice of the samples could ob- 
tain results which would be highly misleading. 


RELATION BETWEEN CRUSHING STRENGTH AND POROSITY 


It is of course to be expected that there would be a general in- 
crease in crushing strength with decreasing porosity, for the grains 
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in the less porous samples are bound together by a larger amount of 
cement. Since the greenish-gray rocks contain large amounts of 
chlorite, epidote, kaolin, or other comparatively weak minerals, they 
are weaker than rocks of the same porosity composed almost entirely 
of quartz. These relationships are brought out in Figure 1, in which 
crushing strength is plotted against porosity. The following table 
also brings out the comparative weakness of the greenish-gray rocks. 


TABLE II 


WELL-SorTED SAMPLES GREENISH-GRAY SAMPLES 


Average 


Average 5 No. of Average i 
No. of Samples Porosity Samples Porosity 4 
Strength Strength 


Porosity between 5 and ro Per Cent 


| 5949 


Porosity between o and 5 Per Cent 


| 6498 | 6 | 3-5 4205 


Since the porosity is affected more than the crushing strength by 
the degree of sorting and the presence of alteration products between 
the sand grains, and since it is desirable to eliminate the effect of 
these factors in obtaining the regional averages, it is possible that 
crushing strength would give a better idea of the regional altera- 
tion than would porosity. 


RELATION BETWEEN AVERAGE REGIONAL CRUSHING 
STRENGTH AND POROSITY AND THE REGIONAL 
CARBONIZATION OF THE COALS 


The averages of the determinations of porosity and crushing 
strength of the well-sorted samples associated with coals of different 
types are shown in Table ITI. 

Since in every case there is a decrease in porosity, and an in- 
crease in crushing strength, in passing from a lower content of fixed 
carbon to higher, it may be concluded that there is a general relation 
between the average regional crushing strength and porosity, and 
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the degree of regional alteration as expressed by the carbonization 
of the associated coals, though how definite this relation is, and how 
constant in different areas, can be determined only by a much more 
extended investigation. 

TABLE III 


Character of Associated Coals 


No. of Crushing 
Strength 
Determinations 

Range in Crushing 
Strength Lbs. 

Average Crushing 
Strength Lbs. 
per 3 Sq. In 


No. of Porosity 
Determinations 
Range in Porosity 


Sub-bituminous or black lignites 
Bituminous, 50-55 per cent fixed carbon 
52.5-57.5 per cent fixed carbon 
57 .5-62.5 per cent fixed carbon 
72.5-77.5 per cent fixed carbon 
6405-11500 80.0-82.5 per cent fixed carbon 


VALUE OF AVERAGE REGIONAL POROSITY AND CRUSHING 
STRENGTH IN PREDICTING OIL, GAS, AND GROUND 
WATER POSSIBILITIES 


The practical value of the method depends, of course, on the 


accuracy with which the degree of regional alteration can be esti- 
mated. The determinations listed in Table I are not sufficient in 
number, and not selected from a sufficient variety of localities, to 
determine to what extent the average regional porosity and crushing 
strength may differ in areas of the same degree of alteration. How- 
ever, as none of the seventeen porosity determinations from regions 
where the fixed carbon content of the coals is 72.5 to 77.5 per cent is 
greater than 1o per cent, and none of the seven determinations of 
the well-sorted samples from areas where the fixed carbon content 
of the coals is 52.5 to 57.5 per cent is less than 16.5 per cent, it would 
seem that a distinction could at least be made between these degrees 
of alteration. Accurate maps showing the differences of crushing 
strength and porosity in the northern part of the Appalachian coal 
field would, as already stated, give a definite idea of the accuracy 
and value of the method. 

It is by no means certain that the differences in porosity would 
be everywhere the same as the differences in the fixed carbon con- 
tent of the coals. Differences in the type of deformation or in the age 
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of the rocks might affect the coals and sandstones differently. For 
example, the sandstones associated with the same type of coal might 
be more porous in the Cretaceous and Tertiary formations than in 
those of Pennsylvanian age. As the porosity is closely related to the 
production of oil, it might be that in such cases porosity would give 
a better clue to the oil possibilities than would the quality of the 
coals. 

Sufficient data have not yet been accumulated to make any defi- 
nite predictions as to the significance of the different values of the 
regional porosity and crushing strength. The following conclusions 
are, however, suggested by Tables I and III, though it should be 
understood that they are only tentative, and are likely to be modified 
by later work: 

1. When the average regional porosity is less than 5 per cent, 
and the average crushing strength of half-inch cubes is over 5,000 
Ibs., no oil or gas will be produced in commercial quantities, and 
ground water will be found only in fractures and solution cavities 
near the surface. 

2. Where the average regional porosity is between 5 and to per 
cent, and the average regional crushing strength of half-inch cubes 
is between 4,000 and 5,000 lbs., the degree of alteration is unfavor- 
ably high for the occurrence of oil and gas in commercial quantities, 
though scattered production, particularly of gas, may be found at 
fairly shallow depths. Ground water may also be obtained in cer- 
tain places from porous pockets in the sandstones. 

3. Where the average regional porosity is between 15 and 30 
per cent, and where the crushing strength of the half-inch cubes is 
between 500 and 2,000 lbs., the degree of alteration is suitable for 
the occurrence of oil, gas, and ground water in commercial quanti- 
ties. 

4. Where the average regional porosity is more than 35 per cent 
and the average crushing strength of half-inch cubes is less than 100 
Ibs., the conditions are suitable for the occurrence of ground water, 
and oil and gas may be found in steep folds, at great depths, or be- 
neath unconformities. 

These figures for porosity and crushing strength apply of course 
only to well-sorted sandstones, consisting almost entirely of quartz. 
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GENERAL CONCLUSIONS 


1. There is a fairly regular decrease in average porosity, and in- 
crease in average crushing strength, toward areas of greater regional 
alteration. 

2. This relationship affords a promising means of estimating the 
degree of alteration in localities where no coal analyses have been 
made. 

3. The degree of alteration may be estimated by this method 
with greater accuracy by eliminating all sandstones except those 
composed almost entirely of quartz in which the cement, if present, 
is in optical continuity with the grains. 

4. Further investigation of this method is desirable. 
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THE LYTTON SPRINGS OIL FIELD, CALDWELL 
COUNTY, TEXAS" 


D. M. COLLINGWOOD AND R. E. RETTGER 
Dallas, Texas 


ABSTRACT 


The Lytton Springs oil field is located in the northern part of Caldwell County, 
Texas. It covers an area approximately 14 miles in diameter. The discovery well was 
brought in on March 13, 1925, at a depth of 1,350 feet and the following March there 
were approximately 325 producing wells in the field. 

Midway and Wilcox formations are exposed at the surface. The producing forma- 
tion is an altered igneous rock, referred to as serpentine. This rock probably represents 
an old, buried, volcanic cone with a relief on its upper surface of over 600 feet. Produc- 
tion is obtained throughout this vertical range, the oil generally being found within 200 
feet of the top of the serpentine. The exceptional feature of the field is the general lack 
< by son in the producing formation, even in the edge wells 600 feet below the crest of 

e dome. 

The peak of production for this field, about 15,000 barrels per day, occurred four 
and one-half months after the completion of the discovery well. By the end of March, 
1926, the production had settled to about 8,000 barrels per day. The oil is of high grade, 
having a gravity of about 38° Baumé and a value of about two dollars per barrel at the 
well (March, 1926). 


INTRODUCTION 


The Lytton Springs oil field, sometimes called the Lockhart oil 
field, is the second field of its kind to be discovered in the United 
States. Production in this field comes from an igneous rock which 
probably represents an old, buried, volcanic cone. The Thrall field, 
in Williamson County, Texas, the only other field in Texas producing 
from the same kind of rock, has been producing since February, 1915. 
In preparing this paper, the writers have drawn freely upon informa- 
tion gathered by scouts and associated geologists of the Sun Oil 
Company, and are especially indebted to Dr. F. H. Lahee for help- 
ful criticisms. A recent publication by the Bureau of Economic 
Geology of Texas? gives a very full description of the character of the 
igneous rock from which the production is obtained and a large 
amount of valuable well data. 

t Published by permission of the Sun Oil Co. 

2H. P. Bybee and R. T. Short, “The Lytton Springs Oil Field,” University of Texas 
Bulletin No. 2539, October 15, 1925. 
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LOCATION 


The Lytton Springs field is located in the region of the Lower 
Tertiary rocks, on the Gulf Coastal plain, about 15 miles southeast 


Z 
nN 
= 


\ 


CARRIZO 
> INDIO 

( MIDWAY 

j NAVARRO 

/ TAYLOR 
AUSTIN 


JERPENTINE 


Fic. 1.—Luling-Lytton Springs-Thrall geologic map 


of the Balcones fault zone and about 5 miles northwest of the Luling- 
Mexia fault zone (Fig. 1). It is 8 miles northeast of Lockhart and 
1 mile southeast of Lytton Springs. 
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HISTORY 


Since the bringing in of the discovery well, LeFevre and Storey, 
Brewer No. 1, located on a 60-acre block out of the northwest corner 
of the M. L. Brewer tract in the Jonathan Burleson Survey, on 
March 13, 1925, 360 wells have been drilled in this field of which 325 
are producers and 35 dry holes. The first rush of drilling continued 
for about five months. At the present time the only development 
going on is in the southeast part of the field where virtually proved 
territory remains to be drilled. 

At its peak of production, about four and one-half months after 
the bringing in of the discovery well, the field produced approxi- 
materly 15,000 barrels of oil per day. By March, 1926, the produc- 
tion had settled to 8,000 barrels per day. The oil is high grade, hav- 
ing a gravity of about 38° Baumé and a paraffin content of 4-7 per 
cent (see p. 969). 

GEOLOGY 
GEOLOGIC COLUMN 


The following estimate of the thicknesses of the formations is 
gained from wells that have been drilled through the deeper forma- 
tions in this or the surrounding area: 


Formation Thickness Oil Horizon 
Wilcox 300’—400’ 
Eocene 350-450! 
650’+ 
Upper Taylor position of the 
Cretaceous Austin 250’-350’ Serpentine body 
Eagle Ford 10’— 60’ 
Buda 40’— 60’ 
Del Rio 80’ 
Comanchean } Georgetown 50’— 80’ 
Cretaceous | Edwards Production in the Luling field is 
and 700’ + from the porous dolomitic 
Comanche Peak limestone at the top of the 
Edwards 


The Glenrose formation underlies the Edwards and Comanche 
Peak limestones. There is a possibility of finding oil in the porous 
limestones of the Glenrose at a depth of approximately 1,000 feet 
below the top of the Edwards. Production in the Glenrose is ob- 
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tained in small quantities near Waco, Texas. Still deeper, at depths 


of 1,700-2,500 feet below the top of the Edwards, the basement ° 


sands of the Comanchean, or the Trinity sands, may be possible oil- 
producers. Production is obtained from the Trinity sands in Okla- 
homa and in Caddo Parish, Louisiana. 


SURFACE ROCKS 


The rocks exposed at the surface in the vicinity of the Lytton 
Springs field are Wilcox and Midway of the Lower Eocene. Figure 
2 shows the areal distribution of these formations with the Midway 
subdivided into three phases, termed Upper, Middle, and Lower for 
convenience. These divisions of the Midway have been made on 
the basis of lithology, especially on included concretions and per- 
centages of greensand. Their thicknesses have been estimated as 
follows: Upper Midway, 100-175 feet; Middle Midway, too-150 
feet; and Lower Midway, 70-100 feet. 

The normal dip of the strata is from 1° to 2° to the southeast, 
and the strike is, in general, parallel to the Balcones escarpment 
or about N. 35° E. 

The normal succession of strata has, in many places, been inter- 
rupted by faulting and folding so that there is a repetition of the 
surface exposures of the various beds. Faults which have been defi- 
nitely located on the surface are shown on the areal geology map 
(Fig. 2). The most important of these is fault C-D, which extends 
southwest from about the center of the field. Its average displace- 
ment is somewhat less than 100 feet with the upthrow side on the 
southeast. G—H is not definitely known to be a fault since the sur- 
face distribution of the formations may be explained either by a 
fault, as shown on the map, or by an anticline whose axis trends 
northeast and southwest through the center of the Middle Midway 
outcrop just south of G-H. Subsurface information is not yet suffi- 
cient to prove either alternative. Fault J-J is recognized by the 
areal repetition of the Midway and by an actual exposure of the 
fault near the southeast line of the Isaac Allen survey. The down- 
throw is to the northwest, and the displacement at the surface is esti- 
mated to be at least 300 feet. In the Austin chalk this fault shows a 
displacement of 400 feet. Fault K—L is recognized by the areal repe- 
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tition of the Wilcox and Midway formations and has a displacement 
of about 300 feet with the downthrow on the northwest. 


{ 
TTT AREAL, GEOLOGY OF 
“MIDWAY witcox YTTON SPRINGS DIST. 


1§00 Yrs. 
MIDWAY MIDWAY SCALE 


Fic. 2 


Near the center of the field there is a dome structure, the presence 
of which is indicated by an outcrop of Lower Midway completely 
surrounded by Middle Midway, and by the bowing of the Midway- 
Wilcox contact just southeast of the field. 

Serpentine outcrops in Travis County at Pilot Knob, Creedmore, 
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and along Onion Creek (Fig. 1). These outcrops have been de- 
scribed by Udden and Bybee." 
STRUCTURE OF THE AUSTIN CHALK 

On Plate 31, structure contours on the top of the Austin chalk 
are shown together with certain subsurface faults some of which 
have been proved by the drilling of wells to the top of the chalk or 
deeper. 

Where the serpentine is present, no structural key horizon can 
be obtained above the bottom of the chalk because the former may 
take the place of a greater or less amount of chalk and extend above 
the horizon of the top of the chalk into the stratigraphic position of 
the Taylor marl. Even where the serpentine is absent, the bottom 
of the chalk is considered a better key horizon than the top, which 
is often not definitely recognized by the drillers. Where information 
is available on the bottom of the chalk, this horizon has been used 
plus a thickness interval of 325-50 feet in the central and eastern 
portion of the area to obtain the true position of the top of the chalk. 
In the western portion of the area, a thickness of 250-325 feet has 
been used. 

There is some slight evidence that the chalk is thinner near the 
faults on the upthrow side and thicker on the dewnthrow side. This 
condition would be the natural result of faulting in Austin time and 
is believed to indicate the age of a part of the faulting. 

This map brings out very clearly the doming in the Austin chalk, 
corresponding in general to the dome as mapped on the surface. 
Although the evidence is not sufficient to be conclusive, the writers 
believe that the formations below the chalk are also domed to a 
certain extent. 

Besides the surface indications of fault C—D, as stated above, the 
following evidence for its presence may be cited: (1) In the Gulf.Oil ° 
Company’s Gomillion No. 1 well, Austin chalk was cored at a depth 
of 1,900 feet. At 1,980 feet a lime was encountered which at 2,020 
feet was cored and identified as Edwards limestone. At 2,020 feet 
sulphur water flowing at the rate of 100 barrels per day was en- 
countered. The passing from Austin chalk into Edwards limestone 


« J. A. Udden and H. P. Bybee, “The Thrall Oil Field,” Univ. of Texas Bull. No. 66, 
1916. 
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Fic. 3.—Cross-section of the Lytton Springs oil field, Caldwell County, Texas. D. M. Collingwood and R. E. Rettger. Scale: 4 inch 


| 
Hi 
| 
ia ard 
VA 
| 
| 
| 
il 
7 


960 D. M. COLLINGWOOD AND R. E. RETTGER 


within 80 feet shows the presence of a fault with a displacement of 
about 220 feet. The accompanying cross-section (Fig. 3) shows the 
relations of this fault at the Gulf Gomillion No. 1 well. The age of 
the faulting is indicated as mid-Austin followed by later faulting 
(post-Wilcox), resulting in a total displacement of 220 feet in the 
Edwards and in the bottom of the Austin chalk, and about 100 feet in 
the horizon of the top of the chalk and serpentine. One hundred feet 
is the average displacement at the top of the serpentine along the 
northwest line of the Sun Oil Company’s Gomillion lease and may 
represent either faulting or uneven deposition. (2) Sun Gomillion 
wells Nos. 10, 16, 17, one or two wells on the east corner of the Gulf 
Gomillion lease, the Marland-Godley Gomillion No. 2, and the Gray- 
burg Gomillion No. 1 have all made some water although water is 
generally absent in the rest of the field. These wells are all cut by 
fault C—D and, judging from analyses, it would seem that the 
water has a common source and that possibly it finds its way into 


a the serpentine through channels along the fault plane. (3) Chalk 
= cores from the Grayburg Gomillion No. 1 showed steeply inclined 
¢ Ng bedding planes which may have resulted from drag along the fault. 
* G-H may be either a fault or an anticlinal axis. Its presence has 
> a not been verified by drilling. 

3 Fault J-J has a displacement in the Austin chalk of about 400 
‘a feet. This is shown by the relationship between the LeFevre and 
S| Storey Perry No. 1, just southeast of the fault in the Pablo Martinez 
a survey, and the Flynn Brothers Carter well in the Sampson Connell 
survey. 


Fault M—N cannot be observed at the surface but is shown to be 
present by the abnormal relationship of the Marland-Lucey Palmer 
No. 1, Calzado Eppright No. 1, and Johnson Eppright No. 2 to the 
oe New Domain Eppright No. 1 and Johnson Eppright No. 1. The 

e Bd first three tests appear to be on the west and downthrow side ofa 
= north-south fault, the displacement of which is about 50 feet. 

a The elevation of the bottom of the chalk in the Marland-Walsh 
x Eppright No. 1 is apparently higher than it should be with respect 
. : . to elevations of the same horizon near fault M—N. For this reason 
s : it is probable that there is a fault east of M—N and west of the Mar- 
land-Walsh Eppright No. r. 
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THE SERPENTINE BODY 


The producing “sand” in the Lytton Springs field is a green 
serpentine or chloritic rock encountered at an average depth of 
1,200-1,500 feet. It is undoubtedly of igneous origin; that is, it con- 
sists of material which originally was, at least in part, volcanic ash 
and lava, and, in part, intrusive basalt in the form of sills and 
dikes. 

Structure —The accompanying map (Plate 32) shows an in- 
terpretation of the structure of the field as determined on top of the 
“green rock.” As this is the only horizon that has been recognized 
in most of the wells, it is the only definite control available. Because 
of the nature of this green rock (in part a volcanic cone) the contours 
on its upper surface do not necessarily represent the structure of the 
overlying or underlying rocks. The contours, as shown, might 
better be considered as topographic contours on this old volcanic 
cone, modified by some tilting and faulting of the whole series of 
beds (see cross-section, Fig. 3). 

The most important feature of the field is the dome structure of 
the serpentine. Present information gives this dome a relief of over 
600 feet with its main crest near the southeast line of the Gulf 
Brewer g5-acre tract. Subsea elevations range from 1,187 to 500 
feet. Besides the main crest, there are several others of less impor- 
tance, namely: (1) in the Witherspoon Mrs. A. H. Cardwell 132- 
acre tract, (2) in the Randolph Brewer lease, (3) in the Wither- 
spoon Brewer lease, and (4) in the Gulf Brewer 56-acre lease. 

Near the southeast line of the Grayburg Gomillion lease is a 
prominent structural feature seen on the map as very closely spaced 
contours. It may be a syncline, a valley, or a downfauited, wedge- 
shaped block. As far as available information goes, any one of these 
three explanations may be used. Other steep dips may be the result 
of faulting, but in view of the fact that a large part of the faulting in 
the Austin chalk and lower horizons seems to have taken place prior 
to the formation of the serpentine dome, it is doubtful whether the 
steep serpentine dips are due to faulting or to uneven deposition of 
serpentine in the vicinity of the faults, or to both. For this reason 
no faults have been shown on the serpentine map although they are 
assumed to be present. 
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Nature of the serpentine—From a study of the igneous rock at 
Lytton Springs, it is evident that the serpentine is a highly altered 
basaltic rock. The alteration seems to have been chiefly by hydra- 
tion and carbonation. In its original form the basalt was probably 
porphyritic, containing such minerals as augite, olivine, plagioclase, 
and magnetite in a more or less glassy matrix. In its altered form 
it is composed largely of serpentine (chrysolite), chlorite, calcite, 
basaltic fragments, olivine, magnetite, and devitrified glass. In 
most respects this rock is similar to that at Thrall which is fully de- 
scribed by Udden and Bybee." 

Texturally, the serpentine at Lytton Springs has several different 
phases. Ordinarily, it is fairly hard and somewhat brittle. In some 
places, however, it is quite soft so that when drilled with water it 
slakes into a sticky mud which is logged as gumbo by the drillers. 
This softer phase is generally very fine grained, having the appear- 
ance of a green mud or shale. This material may have originated 
in one of several ways. It may represent fine-grained basalt or tuff 
or ash subsequently altered; or it may represent material which has 
been re-worked by water in quiescent periods during the time of 
volcanic activity. 

The harder phases, which generally present a broken or frag- 
mental appearance, seem to indicate that the original material was 
probably a volcanic breccia or broken lava. In some of this frag- 
mental-looking serpentine, the groundmass is lighter in color than 
the included “fragments,” while, in other specimens, the reverse is 
true. In both cases there are around the edges of the pieces “‘reac- 
tion rings” or alteration markings which indicate stages of altera- 
tion. The fragmental texture, therefore, may not represent an origi- 
nal broken condition, but may rather be the natural result of this 
type of alteration. 

In several instances the green rock shows a vesicular texture. 
In some cases the vesicles are partially filled with a white mineral 
which appears to be a zeolite, in others with calcite and possibly 
serpentine. 

Serpentine samples from Sun Gomillion No. 1 at 1,330-1,340 feet 
were washed and examined for fossils. In one case several specimens 

Op. cit. 
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of Rotaloid forms were found.’ These forms are green and ap- 
pear to have been partly replaced and filled by serpentine and 
chlorite. 

Relationship between the igneous rock and the surrounding forma- 
tions—A study of the logs of wells which penetrated the Austin 
chalk as well as the serpentine shows that the latter has a strati- 
graphic range from the base of the chalk up to 100 or 200 feet into 
the Taylor marl, the serpentine occurring in the place of part or all 
of the normal sediments. 

Specimens showing the definite contact between the serpentine 
and the chalk or Taylor marl are extremely few, owing to the 
difficulty of knowing in advance just where core samples should be 
taken. Probably most of the samples from these contacts show 


merely normal sedimentary relationships, and do not show any in- | 


trusive effect of the igneous rock. However, samples taken from the 
New Domain Eppright No. 2 at 1,360 feet and from the Gulf Beaty 
No. 5 at 1,675 feet show definite intrusive contacts. In both cases the 
serpentine can be seen fingering into the chalk, and in one specimen 
(New Domain Eppright No. 2 at 1,360 feet) the chalk is somewhat 
metamorphosed and discolored for a distance of three quarters of 
an inch or more from the contact. In addition to the effect of the 
igneous rock on the chalk, the serpentine itself shows by texture and 
color markings that it is undoubtedly intrusive. In this respect it 
appears to be unlike that at Thrall where no intrusive relationships 
were found. No specimens were seen which showed the serpentine 
intrusive into the Taylor marl. 

Origin of the serpentine.—A review of the foregoing paragraphs 
shows that there are two lines of conflicting evidence concerning the 
origin of the Lytton Springs serpentine. One group of facts, namely, 
(1) the fragmental or broken texture of the serpentine, (2) the gas 
holes or vesicles, (3) the presence of fossils, (4) the non-intrusive 
relation of the serpentine to the Taylor marl, and (5) the presence 
of the serpentine gumbo, suggests the extrusive volcanic theory. 
The other group of facts, (1) the definite intrusive contacts between 
the serpentine and the chalk, (2) the possible explanation of the 
fragmental texture by a process of alteration, and (3) the definite 
* Examination and determinations by J. A. Waters. 
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doming of the formations overlying the serpentine, seems to indi- 
cate that the serpentine is intrusive. 

These two groups of conflicting evidence lead to the conclusion 
that the serpentine as a whole is both intrusive and extrusive. In 
the Lytton Springs field there is apparently a very irregular mixture 
of volcanic ash, breccia, and intrusive dikes and sills of such a char- 
acter as one would expect to find in a volcanic island in the Austin 
chalk sea where sediments were being deposited between eruptions. 
With recurrent volcanic action over many years, the relationships 
among the truly igneous material, the volcanic ash and breccia, and 
the chalk would be extremely complex. 

From a study of the fault C—D (Fig. 2, and cross-section, Fig. 3) it 
is believed that faulting began in this area in early Austin time and 
may have been more or less synchronous with the volcanic activity 
which apparently continued until late Austin time. At this time 
conditions became quiet until after the deposition of the Wilcox 
when there appears to have been a recurrence of movement along 
fault C-D and most of the others. This later movement caused a 
displacement of about 100 feet in the serpentine and overlying 
formations and increased the displacement in the formations below 
the chalk. 

Also during this later period of movement, the serpentine mass, 
as a whole, probably forced its way some distance upward causing a 
dome to be formed in the overlying sediments. This domal struc- 
ture is shown on the areal geology map and cross-section. It does 
not seem likely that all of the doming of these surface beds could 
have been brought about by the differential settling of the sediments 
around the serpentine dome although this is a possible explanation. 

It is believed that the position of the volcano was largely 
controlled by the faults C-D, G—H, and other minor ones to the 
southeast, and that the igneous rock may have traveled up the 
fault fissures to the then-existing surface. 

In the cross-section, which below the top of the serpentine must 
be considered as idealized, the writers have shown the main plug or 
neck as directly under the highest part of the dome. It was placed 
at this point for two reasons: first, because the crest of a volcano is 
usually directly over the neck; and second, because wells at this 
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point penetrated greater thicknesses of serpentine than at other 
localities. This neck may be much larger or smaller than here repre- 
sented. Also it is very likely that there are other necks or faults up 
which serpentine may have traveled that are not shown in the 
section. 

An interesting point brought out by the cross-section is the change 
in the angle of dip of the fault plane at the top of the serpentine. 
This feature has been noticed in other localities and is presumably 
due to the fact that the formations below the top of the serpentine 
are considerably more rigid than those above. 


PRODUCTION 


Porosity—From the microscopic study of the serpentine, wheth- 
er of intrusive or volcanic agglomerate origin, it is evident that the 
minerals and fragments of the original igneous rock, as well as the 
groundmass or matrix between the fragments, have been almost 
completely altered to serpentine and chloritic minerals. This altera- 
tion involves hydration and increase of volume, the effect of which 
is shown by the brecciation of the serpentine mass and the filling of 
thin cracks by stringers of calcite, by a more or less filling of original 
pore spaces such as gas vesicles and granular interstices of the ex- 
trusive and agglomeratic material, and possibly by the arching of 
the sedimentary shales overlying the serpentine. This last may be in 
part due to the differential compacting during consolidation of the 
shales, or to a later upward movement of the igneous mass. 

The porosity of the rock as we find it is, in general, due to the 
original cavities being only partially filled during the alteration 
process. The result is that the original finer cavities are filled first, 
and the remaining porosity is due to the incomplete filling of the 
larger cavities. Porosity where present is therefore of a coarse vari- 
ety. This porosity can be seen in cores and cuttings without magni- 
fication, and the productivity of a well can be gauged by the amount 
of coarsely porous rock penetrated. 

The above-described serpentine is moderately hard but drills 
very easily owing to its brittleness. It drills with the rotary even 
faster than a sandy or “rotten” shale. The other phase of the 
serpentine, which is very fine grained and softer, is found interbedded 
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with the rock serpentine, and also toward the thin, outer edges of 
the serpentine body. It softens on drilling to a gumbo-like material 
which drills very slowly and then only by continual “spudding”’ 
to free the bit from balling up and spinning. This “serpentine 
gumbo,” probably composed of the finer aggregates of volcanic 
ash and extrusive material, has very low porosity. 

Places of greater porosity are irregularly situated both with re- 
spect to depth and to area, although they are for the most part in 
the upper 200 feet of the igneous body. This accounts for the vari- 
able size of wells, and in some places dry holes have been drilled 
through several hundred feet of the igneous rock without striking a 
porous place. Offset wells to such dry holes have found porous rock 
and are good producers. In some wells the porous streaks seem to be 
confined by impervious serpentine, while in others porous areas are 
connected along certain lines from well to well. In some cases a good 
well has been almost killed by the drilling of a neighboring well along 
such a line of connected porosity. 

Areal position of greater porosity.—Although locally very vari- 
able, the more porous and productive serpentine has been found to 
exist, on the whole, near the central part of the domelike igneous 
body, which is believed to be more or less directly over the point of 
origin, whether a volcanic neck or intrusive plug. 

This would be expected whether the porosity is due to an altera- 
tion of the original intrusive or to cavities between coarse fragments 
of a volcanic agglomerate. In the former case the brecciation due to 
differential expansion during alteration would be greater toward the 
thicker central portion of the igneous mass. On the other hand, if 
the serpentine originated largely as a volcanic agglomerate, the 
nearer to the point of emission the larger the fragments would be, 
and the less mixed with finer particles. If the extrusion took place 
at the bottom of the “chalk” sea, as is believed, the agglomerate 
or ash would receive more working over by submarine currents the 
farther it spread from the point of emission, with the result that the 
pore spaces would be filled with the fine particles. 

We do thus find that the serpentine toward the edge of the field 
has, on the whole, less porosity and pay. This is particularly true to 
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the east and south, down the regional dip, where the serpentine 
sheetlike mass thins out more gradually. 

Position of greater porosity in depth—Although locally variable 
in depth as well as in areal distribution, the best porosity and most 
of the pay comes from the upper 200 feet of the serpentine body, 
which is largely extrusive in origin. The top of productive serpen- 
tine has a vertical range of about 600 feet while the total vertical 
range of production is 700 feet. 

In several wells, porous serpentine and pay from depths below 
the upper 200 feet of the igneous body have been found. In several 
cases this deeper pay has been found below thin beds of Austin 
chalk. This is more apt to be the case lower down on the sides of 
the dome where the serpentine is found fingering out into the chalk. 
In the Harper Cardwell No. 3, 300 feet of serpentine with very little 
porosity or pay was penetrated above the chalk at 1,570 feet. After 
drilling through 45 feet of chalk, 125 feet more of the serpentine was 
found, which had good porosity, and a 400-barrel well was obtained. 
In the Sun Gomillion No. 3, additional pay at a depth of 1,546 feet 
was obtained below 3 feet of Austin chalk, this being 389 feet below 
the top of the igneous body. Chalk was found again at the bottom of 
the hole from 1,694 to 1,708 feet. 

Conclusions regarding origin of the porosity—Due to the altera- 
tion of the igneous rock it is difficult to ascertain the origin of the 
present porosity of the serpentine. It may be that original cavities 
were not completely filled during alteration, or the calcite formed 
during the alteration, either in disseminated or veinlet form, may 
have been partically dissolved out subsequently by circulating 
waters. 

It is true that the shape and appearance of the walls of some of 
the smaller pore spaces is suggestive of an original vesicular extru- 
sive, and porosity of this origin has been suspected at depths within 
the serpentine body as well as in the upper 200 feet. Small crystal 
growths are found on the inside walls of both large and small pores. 
Most of the pore spaces, however, are comparatively large and have 
irregularly shaped walls. It seems evident that this coarser porosity 
cannot be due to original vesicles, or to solution cavities left by the 
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removal of disseminated or vein calcite, but is probably due to 
intergranular interstices formed originally in a volcanic agglomerate 
of submarine origin.” 

Nearest the point of emission the larger fragments, more or less 
unmixed with finer particles of volcanic ash, would be expected, 
while farther away the finer material would settle down more as a 
sediment on the sea bottom, and a more intimate mixture of the 
finer particles would result in very little intergranular porosity, par- 
ticularly after alteration. This appears to be borne out by the ob- 
servations on the serpentine of the Lytton Springs field and to ex- 
plain the difference between the harder brittle serpentine rock with 
the best pay and coarse porosity nearer the central parts of the 
dome over the point or points of emission, while farther toward the 
edges of the igneous body, more of the non-porous serpentine is 
found, ranging down to the material which has been called “‘serpen- 
tine gumbo.” There are intercalated layers of this non-porous “‘ser- 
pentine gumbo” throughout the serpentine body, even in the central 
part of the dome, but this is believed to be due to intermittent 
periods of volcanic activity followed by intervals when the finer 
volcanic ash would be settling out as a sediment or being worked 
over on the bottom of the sea. 

The size and shape of the pore spaces of the best pay in the ser- 
pentine do not indicate an origin by means of the solution of dis- 
seminated calcite. Disseminated calcite and veinlets of calcite are 
present throughout the serpentine as a product of alteration, and it 
is possible that, to a slight degree, subsequent circulating waters 
may have dissolved out some of this calcite. The resulting porosity 
would be of a fine nature, however, and this is not often found except 
perhaps in the infrequent pay streaks of serpentine below 200 feet 
from the top of the body. Sufficient work has not been done on sam- 
ples from these depths to determine this point. 


CHARACTER OF THE OIL, GAS, AND WATER 


Oil.—The oil from the discovery well of the field was found to 
have a paraffin base and Baumé gravity of 38.1°. The analysis 
follows: 


* Bybee and Short, of. cit. 
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ene 38.1° Baumé at 60° F. 
6.86 per cent 


DISTILLATION CUTS 


Gas.—The initial gas content of the field was small. Even the 
larger flowing wells, which made over 2,000 barrels initially, flowed 
by slopping over, steadily or by heads, without much show of gas. 
There was a quick decline from flush production in these wells, and 
as the field became drilled up there were fewer large wells, and the 
falling off from initial production was more rapid. Enough gas, 
however, can be saved to operate powers, aind on several leases this 
is being done. 

Water.—In contrast to most fields there has been no bottom or 
edge water encountered in this field, and there does not appear to be 
any hydrostatic pressure back of the oil. 

However, early in June, 1925, three months after the discovery 
of the field, some salt water was found to be coming with the oil 
from some of the smaller wells in the western part of the field. The 
percentage of water varied in different wells from a few per cent to 
55 per cent, and also varied from day to day; some days pure oil 
being produced. 

As these wells were situated more or less over a fault in the chalk 
beneath the serpentine (see Plate 32 and Fig. 3), and because the 
serpentine drilled through in some cases showed slickensides, it was 
believed that the presence of water was probably associated with 
this faulting (see p. 960). However, the water did not increase, nor 
show any constant volume as if coming up fault planes from depth. 

Later in the development of the field, water was found in a few 
wells in the central eastern part. One well went completely to water 
not long after being put on the pump, while surrounding wells were 
good producers. No information is at hand regarding any evidence 
of faulting found during the drilling of this well although there is 
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some slight suggestion of faulting south of the field (note sharp 
bending of contours, Plate 31), which, if it continued north, would 
intercept the possible extension of the fault proved to be present 
at the north of the field. The presence of water here may therefore 
also be due to faulting and upward seepage. 

2 On the other hand, the porous parts of the serpentine are known 
= to be local and spotty. Although these porous parts are in places 
connected in certain directions, they are more commonly separated 
by impervious serpentine, a fact which is evidenced by the variable 


e productivity of adjacent wells. It is believed therefore that the 
a 2 water produced may come from certain restricted areas in which 
art water has been retained. Analyses, which show an average of 14,500 
4 parts per million of chlorine and are suggestive of a modified con- 
nate water, are given in Table I. 
re a Since the freak well (New Domain Eppright No. 1), that is pro- 


fe ducing oil and water from the Eagle Ford horizon, is drilled through a 

; fault having about 50 feet displacement in the Eagle Ford, it is 
possible that the oil and water have seeped down the fault plane 
from the serpentine horizon. The similarity of the serpentine and 
Eagle Ford waters, with the exception of the hydrogen sulphide, 
suggests a common origin. The hydrogen sulphide could very natu- 
rally have accumulated from the Eagle Ford shale. 

The sulphur water found in the Edwards in the Gulf Gomillion 
No. 1 well, near the fault at the west side of the field, has a chlorine 
content of 11,967 parts per million compared with the water from 
below Edwards production in the Luling field which has only 5,000- 
6,000 parts per million. Oil has not been found in the Edwards in 
the Lytton Springs field, although several tests have been made, the 
test mentioned above being well located against the fault. The 
greater amount of total solids in the Edwards water in the Lytton 
Springs field suggests a deeper source of the water than in the Luling 
field, and an upward circulation along fault planes. This migration 
of deeper-seated water up the fault plane may account for the ab- 
sence of oil, even on an apparently favorable location on the up- 
throw side of the fault on the west side of the Lytton Springs field. 

By referring to the cross-section, it will be seen that the sug- 
gested doming in the Edwards under the center of the serpentine 
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TABLE I 
CoMPARATIVE WATER ANALYSES 
Reacting Value Reacting 
Total solids 
Ca: 2453 
613 30.59 3.65 
1,282 83.97 8.87 
5-67 3 
| 404 40.61 4.86 
441 36.25 3.83 
96 79.07 43 
8.392 364.21 38.47 
SO,: 
1,720 38-97 4.06 
335 6.97 83 
ci: 2717 5 4 
14,284 402.81 45.70 
14,085 397.20 47.51 
11,967 337-47 44.51 
HCO, 
131 2.15 .24 
234 3.84 .46 


* a) Water from the serpentine in Sun Gomillion Nos. 10, 16, 17 (mixed). 


6) Water from the serpentin 


lease tank bleeder. 


a x) Water from the serpentine in Grayburg Gomillion No. 1. Taken from 

w line. 

d) Water being produced with oil in the New Domain Eppright No. 1 from 

e) Water from the Edwards limestone in the Luling field (after Brucks, this 


Bulletin, Vol. 9, p. 650). 
tS) Water oe the Edwards limestone at the west side of the Lytton Springs 


e in Grayburg Gomillion No. 1. Taken from 


aff ty 
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body would provide a possibility of accumulation of oil, even though 
sulphur water is present near the fault where the subsea elevation is 
probably lower. This possibility has not yet been adequately tested. 

Source of oil.—A study of the analysis of the oil from the serpen- 
tine-Eagle Ford zone in the Lytton Springs field, and the Edwards 
limestone in the Luling field, has some bearing on the question of the 
source of the oil in the former fieid. 

In comparison with the serpentine oil, which has a gravity of 
38.1° Baumé at 60° F., 30 per cent gasoline at end-point of 416° F., 
and contains 6.86 per cent of paraffin, the oil from the Eagle Ford 
horizon (probably produced from a fault) has a gravity of 38.4° 
Baumé, 30 per cent gasoline at end-point of 428° F., and contains 
4.49 per cent of paraffin, while the oil from the Edwards limestone’ 
has a gravity of 26°-29° Baumé, no free gasoline or kerosene, and 
has an asphalt base. 

It is evident that the oil from the serpentine and from the Eagle 
Ford horizon in the Lytton Springs field is the same, the latter prob- 
ably having migrated downward through fractures associated with 
the local fault M-—N (Plate 31). 

The oil from the Edwards limestone of the Luling field is totally 
different and must have a source and history of accumulation differ- 
ent from those of the serpentine oil of the Lytton Springs field. 

It is possible that the oil in the Lytton Springs field is derived 
from the dark shales and marls of the Taylor formation, with which 
the igneous domelike body is in contact, both above and around its 
flanks.? The oil at Luling must have a deeper-seated origin. 

Decline of production.—Initial production of wells has varied 
from 20 barrels or less to over 2,000 barrels, depending on the po- 
rosity of the serpentine penetrated, and the position of the well on 
the dome. The larger wells, having initial production of about 2,000 
barrels, drilled early in the development of the field, dropped below 
1,000 barrels in about two weeks. After the development of the 
field had proceeded for a month or two there was a much more rapid 
falling off from initial production, showing a considerable exhaustion 
of gas. This was all the more rapid because of the low gas pressure 
in the field initially. Three or four months after the discovery of the 


* After Brucks, op. cit. 2 Bybee and Short, of. cit. 
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field, wells that were brought in flowing several hundred barrels 
had to be put on the pump in a few days. 

Both the smaller and larger wells have about the same rate of 
decline, age for age, with the result that a large well will settle down 
to a slow rate of decline at a much higher production figure than a 


DECLINE CURVES 
= 
S 
z 
K& Monthly Age. of No.of Prod Wellp per Day~ Lytton [pring Fld 
83 Monthly Ne of Pred. Wellp per Day ~ Typical Thrall 
Q 2 2 § 3 
Q ; Tete! Daily Production ~Lytten fpring. ~ Thousendt of 
ae -Averge Daily Prod. per Wel/ ~ Lytton /prings Hundredy of Bbiy. 
2 
N Age. Daily Prod. per Well ~ Typice!l Thre// Leare. 
9 
400 x ' 
g AVERAGE DAILY PROD. PEP WELL AND TOTAL DAILY 
PROD. LYTTON SPRINGS ~ THRALL 
200 
3 
wo pAypurped Eronpmic Limit of 


YEARS 3 
PRODUCTION DECLINE CURVES FOR THREE GROUPS OF WELLS 
ACCOROING TO INITIAL SIZE. TAKEN FROM TYPICAL 
LEASE , LYTTIN SPRINGS FIELD 
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small well. For this type of production a compound curve can be 
constructed according to the age-size law proposed by Johnson. The 
following production-decline curves (Fig. 4) for three groups of 
wells according to size were, however, constructed separately ac- 
cording to the family-curve method described in the Manual for 
the Oil and Gas Industry, published by the United States Treasury 
Department. These curves represent the performance of a typical 
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lease, and, assuming an economic limit of 2 barrels per day, show 
that wells up to 100 barrels initial production will have an estimated 
life up to a little over a year, those ranging from 100 to 200 barrels 
about two years’ life, and the larger wells, up to 2,000 barrels, an 
estimated life up to a little better than two and a half years. 

Paraffin.—A deposit of waxy hydrocarbons, generally called 
“paraffin,” but which contains a high proportion of ozokerite, and 
occasionally some emulsified water and silty precipitates, collects 
in the tubing and in the lead and gathering lines. This gradually 
chokes the production, and special measures have to be taken for 
removing it. 

The paraffin has been deposited mostly in the upper 300 feet 
of the tubing, and in the lead lines. The principal causes for the 
deposition are as follows: 

1. The diminished solubility of the paraffin at the lower pres- 
sures existing at the wells. 

2. The chilling action due to reduction of pressure as the oil 
nears the surface. 

3. Effect of water. In the occasional wells which produce some 
water there is probably a tendency of the churning action of the 
pumps and sucker rods to accentuate the emulsification of water. 
Silty suspended matter and precipitates from dissolved salts may 
also be present which afford nuclei around which this emulsification 
tends to take place. 

On the whole, however, some salt water pumped with the oil 
seems to be a benefit in cutting out the paraffin and preventing its 
deposition. 

4. Paraffin at the bottom of the well. Toward the later years of 
the productive life of the well, the evaporating and drying action of 
the natural gas in the oil may leave behind a paraffin residue de- 
posited on the walls or in the pores of the serpentine at the well. This 
action is intensified by the alternate wetting and drying of the walls 
of the serpentine by the repeated lowering of the fluid level from the 
top to the bottom of the pay by pumping with the barrel set near 
the bottom of the serpentine. 

Methods of prevention and removal being used.—To eliminate the 
cost of continual pulling and cleaning of the rods and tubing, steam 
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has been largely used. The practices of steaming a well by forcing 
steam down the tubing, or between casing and tubing, generally 
have a bad effect on the well. Since most, if not all, of the paraffin 
is deposited in the upper 300 feet of the tubing, steam, run down 
between casing and tubing by the permanent installation of a small 
pipe fitted into the tubing at a point about 300 feet below the sur- 
face, and thence into and up through the tubing and lead lines, has 
been used with very beneficial effects. The heated paraffin dissolves 
again in the oil, or is mechanically loosened and carried over into 
the flow tanks. 

To prevent the separation of paraffin around the walls of the hole 
in the pores of the serpentine, the working barrel in most wells has 
been set at, or slightly above, the top of the pay. Keeping the walls 
of the pay thus covered with oil at all times eliminates continual 
wetting and drying and local drop of pressure in the pore space 
near the walls of the hole. 

As the production declines, the working barrel is generally 
lowered. This has had a beneficial effect in raising the production, 
without, as far as can be learned at present, causing paraffin to 
deposit in the pores of the serpentine, but eventually trouble from 
this source is to be expected. 

A liquid in which certain cheap soluble chemicals are dissolved 
has been used to prevent and cut out paraffin with very good re- 
sults. This solution is put down the well and pumped with the oil, 
thus preventing paraffin trouble at the serpentine walls at the bot- 
tom of the hole, as well as in the tubing and lead lines. 

Milis has suggested various chemicals and methods for remov- 
ing paraffin from the bottom of wells, the use of which is still in the 
experimental stage." 


*R. Van A. Mills, “The Paraffin Problem in Oil Wells,” Reports of Investigations. 
Department of the Interior, Bureau of Mines, Serial No. 2550, December, 1923. 
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CORAL REEFS IN THE OLIGOCENE OF TEXAS" 


ALVA CHRISTINE ELLISOR 
Humble Oil & Refining Company, Houston, Texas 


ABSTRACT 


Coral reefs of Oligocene age occur around the salt domes of the Coastal Plain of 
Texas. The reefs around two domes, Damon Mound and West Columbia, are given 
in detail with cross-sections of the reefs showing position around the domes. Several 
interesting facts relative to the movements of the salt plugs are given. 


INTRODUCTION 


The Oligocene limestone encountered in wells drilled around 
Damon Mound and West Columbia salt domes in Brazoria County, 
Texas, has proved to be coral-reef formation. In studying the fauna 
found in this limestone it was noticed that the foraminiferal assem- 
blage differed from that found in the shale and sand of the same age 
and stratigraphic position, and that many of the genera were those 
characteristic of warm shallow seas around coral reefs. Also the 
diagnostic species, Heterostegina antillea, which occurs throughout 
the limestone and sometimes forms the major part of it, is a charac- 
teristic species of the coral reefs of Antigua in the West Indies. 
Samples of the limestone from wells from different sides of both 
domes show the presence of reef-building corals. 


DESCRIPTION OF THE LIMESTONE 


The limestone has generally a massive crystalline texture, and 
is designated by the drillers as ‘“‘blue lime.”’ This blue color is due 
to the abundance of Heterostegina antillea, which forms the entire 
mass of some parts of the rock. The lower part consists usually of 
massive cryptocrystalline coralliferous limestone. Porous phases in- 
clude lenses of sandy clay and silty shale. A core of this coralliferous 

* Read before the Association, at the Dallas meeting, March, 1926. Manuscript 


received by the Editor, May, 1926. Published with the permission of the officials of 
the Humble Oil & Refining Company, Houston, Texas. 
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limestone from the Humble Oil & Refining Company Gallagher No. 
2, through the courtesy of Dr. Marcus Goldman, was submitted to 
Dr. J. Edward Hoffmeister, of the University of Rochester, who de- 
termined it as a piece of a massive species of Porites, one of the com- 
mon hardy reef-building corals. The presence of reef-building corals 
establishes definitely the limestone as a coral reef. In addition to 
the corals, bryozoans, pelecypods, echinoids, ostracods, and an 
abundance of foraminifers contribute to the substance of the lime- 
stone. Some phases consist of a soft chalky material, in which occur 
a large foraminiferal assemblage as well as echinoid spines and plates, 
ostracods, and small bryozoans. The foraminifers include genera 
that thrive around coral reefs in warm shallow seas. They are the 
same as those noted from other coral reefs, and include Gypsina, 
Heterostegina, Carpenteria, Planorbulina, Miliolina, Textularia, 
Lagena, Globigerina, Polystomella, Heterosteginoides, Amphistegina, 
Asterigerina, Orbulina, Pulvinulina, Nonionina, and Discorbis. 

The lithologic character and the paleontologic sequence are the 
same around both domes. The accompanying detailed description 
(Table I) is a typical section of the limestone from the Humble Oil & 
Refining Company Gallagher No. 2 at Damon Mound. 

A study of the different sections from both domes brings out the 
fact that the lower part of the reef is a coralliferous limestone 
made up largely of Porites sp., with a few foraminifers and ostracods. 
The upper part consists largely of foraminifers with some corals, 
as well as bryozoans, ostracods, and pelecypods. Since the character- 
istic genus of coral does not thrive at depths greater than 150 feet, 
it is inferred that the lower part of the limestone was laid down in 
warm, clear, shallow waters. 

At the time of deposition of the upper part of the limestones, 
where the foraminifers are more plentiful, the water was still shallow, 
but too deep or too muddy for the corals to thrive abundantly. 


AGE OF THE REEF 


The diagnostic fossil of the limestone is Heterostegina antillea. 
The type location of this fossil is the Antigua formation of the West 
Indies, which Vaughan" states must be the type of the American 

*T. W. Vaughan, United States National Museum Bulletin 103, p. 203. 
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Middle Oligocene. The author has studied many sections from both 
domes, and in all places the limestone rests upon the clays of the 
Marginulina zone of the Middle Oligocene. 


TABLE I 


DETAILED DESCRIPTION OF HuMBLE Ort & REFINING COMPANY 


GALLAGHER No, 2 LIMESTONE FROM WEST COLUMBIA 


Depth in 
Feet Core 


Lithologic Character 


Paleontologic Character 


2,994-06. 


Blue cryptocrystalline fossilifer- 
ous limestone. Veins of coarse- 
ly crystalline calcite present 


A foraminiferal limestone which 
consists of a mass of foramini- 
fers cemented with chalky lime. 
A few quartz sand grains pres- 
ent 


Blue cryptocrystalline fossilifer- 
ous limestone with veins of 
calcite 


Blue cryptocrystalline limestone 
like that found in preceding 
sample 


A light gray cryptocrystalline 
coralliferous limestone 


A chalky limestone with a few 
crystalline calcite veins 


The same coralliferous limestone 
as in preceding sample 


The same coralliferous limestone 
as in preceding sample 


The same coralliferous limestone 
as in preceding sample 


Numerous specimens of Helerostegina 
make up nearly all of the limestone. 
Thin sections show a few foramini- 
fers in addition to the Heterostegina, 
also Lithothamnium and Porites 


Many foraminifers including Heleroste- 
gina antillea, Amphistegina lessonii, 
and Gypsina sp., also ostracods and 
fragments of Pecten sp. 


Heterostegina antillea, Amphistegina 
lessonit, Gypsina sp., and other 
foraminifers 


This limestone consists entirely of the 
coral Porites. Between the branches 
of the coral a few foraminifers and 
ostracods were noticed 


The limestone consists largely of 
Porites. Between the branches of 
the coral occurs a chalky lime with 
foraminifers 


POSITION AROUND DAMON MOUND 


A cross-section made along the line A—A’ of the map of Damon 
Mound (Fig. 1) shows the position of the reef on opposite sides of 
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SUBSURFACE STRUCTURE. 
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the dome (Fig. 2). Our best information is that obtained from the 
wells drilled on the south side of the dome. Although wells have been 
drilled partly circumscribing the dome, all have not penetrated the 
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limestone. On the northeast side, the Humble Oil & Refining Com- 
pany wells on the Smith lease showed the Miocene clays resting un- 
conformably on the third zone of the Jackson. The Hyde Production 
Company Lockwood No. 2, some distance east of the dome, was 
still in the Miocene at 4,000 feet. Sinclair Oil & Gas Company 
Cummings No. 1, at 1,900 feet, showed the Jackson with no Oligo- 
cene. Cullen ef al. Ward No. 1 encountered about 50 feet of lime- 
stone, beginning at 2,920 feet, and at 3,114 feet this well reached 
the Jackson. The wells drilled on the Sinclair Becker tract went 
from Miocene into Jackson without finding Oligocene. On the outer 
edge of this tract, farther away from the salt plug, the limestone was 
encountered in the Hyde Production Company Staiti No. 1, at 
3,100 feet. 

On the west side of the dome the evidence of the limestone is 
gathered from the driller’s logs, the author having no samples from 
the wells drilled on the west side of the dome. At the north the 
Sinclair wells on the Jackson lease show the position of the reef as 
indicated on the cross-section. The reef ranges in thickness from 
150 to 400 feet on the north side, and 150 to 300 feet on the south 
side. 

POSITION AROUND WEST COLUMBIA 

Although wells have been drilled circumscribing the dome at 
West Columbia (Fig. 3), the limestone has not been encountered 
either north or south of the dome. It is believed that the reef was 
buried rather deeply around West Columbia, and only along the 
lines of faulting has the limestone been brought within reach of the 
drill. The section B-B’ (Fig. 4) is along lines of faulting. The 
Humble Oil & Refining Company Lovejoy No. 1, Crown Hogg No. 2, 
and The Texas Company Hogg No. 66 are also in zones of faulting. 
Outside of these four areas of faulting the drill has not encountered 
the limestone. The Humble Oil & Refining Company wells on the 
Bullock-Nash tract and Williamson No. 1 showed the Miocene rest- 
ing unconformably on the heaving shale of the Jackson. The Hum- 
ble Oil & Refining Company Melgard-Wilson No. 1 encountered the 
limestone at 3,920 feet, with a thickness of about 100 feet. The reef 
thickens rapidly, for in the Texas Company Abrams No. 9, the lime- 
stone was encountered at 4,150 feet, and the hole was still in the 
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limestone at 4,514 feet. On the southeast side of the dome the coral 
reef is faulted. The Humble Oil & Refining Company Coon No. 5 
encountered the limestone at 3,050 feet. The coralliferous limestone 
in Japhet No. 11 was encountered at 3,100 feet and was 200 feet 
thick. On the downthrow side of the fault the Texas Company Hogg 
No. 72 had 250 feet of this coralliferous limestone. 


SCALE IN FEET. 

JACKSON 50 
SUBDIVISION 
GEORGE TENNILE LEAGUE : 

SUBDIVISION aor ------4 

\ 

MOONEY CHAS. BROWN 

J.H. STARK SUBDIVISION 


OGUBSURFACE STRUCTURE 
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LIGHT THROWN UPON MOVEMENT OF THE SALT PLUG 


The presence of coral reefs around the domes brings to light 
several interesting facts relative to the movements of the salt plugs. 
When this limestone was first encountered around the domes 
geologists considered it to be of secondary origin, but the presence of 
fossils proved this assumption to be wrong, and at the present time 
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it is admitted to be a limestone facies of the Oligocene formation. 
The paleontologic evidence proves that it is a coral-reef limestone, 
encircling the domes. 

Vaughan,’ who has carefully reviewed all literature on coral reefs 
and studied both fossil and recent reefs, states that all fossil reefs 
rest unconformably on an older formation; that before the formation 
of reefs there has been elevation and sub-aerial erosion. This is 
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followed by slow subsidence during which the reef forms. The data 
collected from wells drilled show that the Marginulina zone, or 
basal zone of the Middle Oligocene, rests unconformably on the 
Jackson formation, and upon the clays of this Marginulina zone the 
coral reefs were built. 

The data collected justify the deductions here stated. Near the 
close of the Jackson period the intrusion of the salt plugs at West 
Columbia and Damon Mound formed islands, bringing the Jackson 
sediments above the surface. Around these islands coral reefs formed 
during a period of slow subsidence. Between the reef and the salt 
plug the Miocene formation rests upon the lowest, or oldest, Jackson 
formation, the so-called “heaving shale,” as shown by the Humble 
wells at West Columbia on the Bullock-Nash tract, by the Humble 


tT. W. Vaughan, Annual Report of Smithsonian Institution for 1917, p. 237. 
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wells at Damon Mound on the Smith tract, and the Sinclair wells 
on the Becker tract, whereas farther out younger Jackson sediments 
are found in the Humble Oil & Refining Company Lovejoy No. 1 at 
West Columbia and in Sinclair Bryan No. 29 at Damon Mound. 
It is uncertain whether all the sediments of the two younger zones 
of the Jackson were deposited on top of the domes and later removed 
by erosion or the dome had already formed an island with deposition 
of younger Jackson only around the edges. The presence of a sand 
horizon below the Marginulina zone of the Oligocene at the contact 
with the Jackson indicates an unconformity. This period of erosion 
was followed by a subsidence or submergence due to a rise in the 
sea-level at the end of the Jackson period, as the fauna of the 
Marginulina zone of the Middle Oligocene include Cristellaria, Mar- 
ginulina, Uvigerina, and Nodosaria, indicating deep cool water. 
After the deposition of the Marginulina zone there was again an 
upward movement of the salt plugs, bringing the clays of the 
Marginulina zone, which formed the platform of the reefs, within a 
very shallow depth—less than 150 feet—for the growth of the corals. 
During the growth of the reefs there was a slow subsidence keeping 
the upper surface of the reefs within that depth. The submergence 
or subsidence continued during the Oligocene period, as the fauna 
of the Discorbis zone, which is deposited upon the limestone, include 
species of deeper-water origin than occur in the reef. 

At the close of the Oligocene period there was another movement 
of the salt plug at West Columbia which fractured and faulted the 
reef limestone. The wells on the Japhet-Hogg tract on the east side 
of the salt plug are in the faulted zone, as shown in the cross-section 
B-B’ (Fig. 4). After the faulting of the limestone reef the locality 
was subjected to erosion, for on the downthrow side of the fault re- 
worked Oligocene foraminifers of the upper, or Discorbis, zone were 
found in the Miocene sediments, and all the clays of the Discorbis 
zone were removed from the upthrow side of the fault, as the wells 
show Miocene sediments resting on the limestone of the Heterostegina 
zone with the Discorbis zone missing. 

After the erosional period, during the early part of the Miocene 
time, a subsidence or submergence evidently took place, as more 
than 3,000 feet of non-marine sediments were deposited during 
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Miocene time. Evidence of movement of the salt plugs during the 
Miocene period is indicated from data collected from wells at West 
Columbia showing faulting at two different periods. 

Above the salt plugs are deposited approximately 800 feet of 
sediments which are possibly younger than the Miocene, though it 
is impossible definitely to place the contact between the Miocene 
and Pliocene formations, as both are non-marine and lithologically 
similar. 

EVIDENCES OF OTHER REEFS 


Wells recently drilled show that coral reefs are present around 
other domes. The Rycade Wisdom No. 5 on the Nash Dome in 
Fort Bend County encountered the coralliferous limestone of the 
Heterostegina zone of the Middle Oligocene. This same limestone is 
found at Boling Dome in Wharton County. The Mills-Burnett 
Japhet No. 4 and No. 7, on Barber’s Hill, in Chambers County, also 
had this coralliferous limestone of the Heferostegina zone. 
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NOTES ON THE QUADRANT FORMATION 
OF EAST-CENTRAL MONTANA 


A, A. HAMMER 
Muskogee, Oklahoma 
and 
A. M. LLOYD 
Wichita Falls, Texas 


INTRODUCTION 


The authors, during the last three years, have made a rather 
careful study of the Carboniferous sediments of east-central Mon- 
tana, urged on by the possible economic value. Because of the char- 
acter of the sediments the greater part of the time was spent in a 
study of the beds to which the name Quadrant has been applied. It 
is doubtful if the name Quadrant should be applied to central Mon- 
tana, if it is to reflect similarity of sediments compared with the type 
locality. However, because no serious attempt has been made to 
study the Quadrant sufficiently to differentiate one part from an- 
other, the term is still used to apply in central Montana to beds of 
mixed Pennsylvanian and Mississippian ages. 


AREA DISCUSSED 


The area covered by this study includes that part of Montana 
lying east of the Bridger range of mountains and extending eastward 
as far as any data are available. It extends from the Montana- 
Wyoming line on the south, northward beyond Missouri River, 
with indefinite outline because of the absence of data on which to 
base opinions (Plate 33). : 


ORIGIN OF NAME 


The name Quadrant seems to have been first applied by Peale 
to a series of cherty limestones and red shales overlying the Madison 
limestone near Three Forks, Montana. At or about the same time, 
Weed and Hague applied the same name to a series of quartzitic 
sandstones and shales lying above the Madison on Quadrant Moun- 
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tain in the northwestern corner of Yellowstone National Park. It 
appears that these three men applied the name, probably, after a dis- 
cussion of the sediments in the two localities.* 


AGE OF QUADRANT 


That series of sediment lying above the Madison limestone and 
below beds of Jurassic, or Triassic, age, depending on which of the 
two is present immediately above in the locality discussed, has, since 
the time of the earliest investigators, been referred to in general 
terms as the Quadrant formation. More recently, however, the 
Phosphoria formation of the western and southwestern part of Mon- 
tana has been placed principally, if not entirely, in the Permian, as 
has the Park City formation of Wyoming in the Permian and Tri- 
assic. The Embar of Wyoming, according to Condit? includes Penn- 
sylvanian and Permian limestone and Triassic shales. 

The present interpretation of the Quadrant is that it includes 
only beds of Mississippian and Pennsylvanian ages. 

In the central part of the state, beds of Permian age are not 
known to exist, and beds representing the Park City and Embar 
have not been proved to be present in southern Montana and are 
absent as far as known in the central part of the state. Girty* has 
made the following statement regarding the fauna of the Quadrant 
along the north side of the Belt Mountains and in the Judith basin: 

At present it seems probable that the Quadrant will prove to be of early 
Pennsylvanian or Pottsville age. Fauna which have an Upper Mississippian 
facies and are younger than the Madison have been cited from the Little Belt 
Mountains and referred to the Quadrant. They are considerably different from 
the Quadrant fauna of this report, and it seems possible that three different 
faunas will be involved in the problem—a Madison fauna, a late Mississippian 
fauna, and a post-Mississippian fauna. 

Investigation by the authors has indicated that the condition 
referred to by Girty is true on both the Belt and Snowy mountains 
and is strongly indicated on lithologic grounds by many well logs 
compared with measured geologic sections. 

At different times during the last three years, particularly during 


*D. D. Condit, U. S. Geol. Survey Prof. Paper 120, pp. 111-12. 
2 Op. cit., p. 113. 
3C, A. Fisher, U. S. Geol. Survey Bulletin 356 (1909), p. 27. 
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the summer of 1925, considerable time was spent in a study of the 
Quadrant section of the central part of the state around the Big 
Snowy Mountains. Several stratigraphic sections were measured 
and rechecked. 

Fossils collected at several horizons in the Quadrant around the 
Big Snowy Mountains indicated beds of Upper Mississippian age 
about 800 feet above the Madison limestone, with beds of what ap- 
peared to be Lower Pennsylvanian lying immediately above, just 
below beds which contained a typical Jurassic fauna. 

Collections of fossils were made at the best point of exposure in 
Secs. 2 and 11, T. 10 N., R. 22 E., and were sent to the United States 
Geological Survey for identification. 

A stratigraphic section was measured at the same point and sub- 
mitted with the fossils. The stratigraphic section, together with the 
points at which fossils were collected, follows: 


POSSIBLE QUADRANT 


Feet 

1. Conglomerate composed of large fragments of limestone and 
2. Sandstone, reddish to pink, fine grained................... 23 
*3. Sandstone, thin-bedded o.5-2 ft. thick, red................ 78 

4. Limestone and sandy shale, interstratified in thin beds poorly 
DEFINITELY QUADRANT 

5. Limestone in beds 1-2 ft. thick, gray; fossils collected at this 

6. Limestone with thin beds of red shale; fossils collected at this 
7. Red shale in lower half, upper partly covered.............. 91 
3 
17. Shales, mostly covered, dark where exposed....:.......... 41 


* These three may be remnants of the Chugwater. 
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Feet 
18. Sandstone, yellowish-gray and pink...................... 50 
19. Black fossiliferous limestone, petroliferous................. 51 
35 
21. Gray to drak gray limestone, many fossils................ 6 
22. Shale, dark brown to black, dark-gray at base............ 59 
24. Brown to black shale with 3-inch limestone at base........ 44 
26. Gray limestone, Productus fossil remnants................. I 
2 
29. Brown shale with thin limestone beds.................... 53 
30. Dark gray limestone, ridge-forming..................005 I 
6 

38. Hard gray limestone 4 ft. thick at top, with shale and lime- 

39. Hard gray limestone 1o ft. thick, weathering white with shale 
61 
40. Thin series of sandstones ro ft. with gray shales below. ...... 36 
42. Yellow sandstone, hard, calcareous..................0000+ 3 
44. Gypsum, lenticular................. 36 

45. Red limestone and shales at top, with yellow sandstone near 
47. Pink to gray shale with some sandstones.................. 19 

48. Gray limestone, Madison................. 


Fossils collected at points 5 and 6 in the preceding tabulated sec- 
tion were identified by Stanton and Girty' as “Early Pennsylvanian, 
possibly Pottsville.” Fossils collected at point 19 were identified as 


“of late Mississippian (Chester) age.” 


Fossils of the Chester type have been found at least 300 feet be- 


low the horizon at point 19 in the preceding tabulation. 


t Personal communication from Julian D. Sears, administrative geologist of the 
U. S. Geological Survey. 
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It will be noticed that lying between the Pottsville and Chester 
is a series of three sandstones separated by beds of shale. The 
three sandstone members have an aggregate thickness of 105 feet. 
In lithologic character this sandstone series is very similar to the 
sandstone phase of the Tensleep horizon of southern Montana and 
Wyoming. The Tensleep has been generally considered as of Penn- 
sylvanian age, and since the sandstone here referred to lies between 
beds of Pottsville and Chester age, it is believed to be the approxi- 
mate equivalent of the Tensleep. Lying below Chester beds is a 
series of grayish-colored shales and limestones and a series of green 
shales. The green shale horizon is widespread and may be used with 
considerable confidence as a correlation point (see cross-sections, 
Plates 34 and 35). 

Just above the Madison limestone occurs a series of sandstones, 
red shales, and limestones, about 200 feet thick, that is thought to 
be equivalent to the Amsden formations of southern Montana and 
Wyoming. If this be true, then the Amsden must be of Mississip- 
pian age, since Chester beds are found several hundred feet above. 
It is possible that the entire series, from the highest point, where 
Chester fossils were found, down to the top of the Madison, may be 
of Chester age, including the Amsden. Since the top part of the Madi- 
son is probably equivalent to the Keokuk, or Burlington, of Lower 
Mississippian age, the series of beds lying above the Madison and 
below the Chester probably belongs to the Upper Mississippian. 

From the foregoing discussion it is apparent that around the 
Big Snowy Mountains a series of beds is referred to the Quadrant, 
that is not found in southern Montana or in Wyoming, and, as far 
as known, is absent in western Montana. 

It is also evident that conditions here must have differed from 
those elsewhere during post-Madison time, to permit deposition of 
sediments so different in character and thickness from those com- 
prising the beds assigned to the Quadrant elsewhere. 


POST-MADISON BASIN 


In order to determine the difference in the thickness of the Quad- 
rant, a map showingi pach lines was prepared (see Plate 33). 
Reliable thicknesses of the Quadrant were plotted on the map at 
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different localities and lines of equal thickness drawn and interpolat- 
ed, guided by these points. 

The following tabulation shows the points from which data were 
taken to prepare the isopach map. The thicknesses of the Quadrant 
are shown on the map by the side of small circles and triangles which 
indicate, respectively, well logs and measured sections. The locality 


number is shown inclosed in a circle. 


THICKNESS OF THE QUADRANT, EAST-CENTRAL MONTANA 


Thick- 
Locality Localit 
y Description Source of Information ness 
Number (Feet) 
Sessaxs Little Rocky Mountains} Sec. 31, T. 26 N., R. 26 E. | Section by Hammer & Lloyd ° 
Near Riceville, North 
Richipioa Armells anticline Sec. 4, T. 17 N., R. 20 E. California Co., log 1,171 
amacee Kootenai dome . 18, T. 16 N., R. 26 E. | Nudigate Co., log 1,364 
Cat Cree! Sec. 27, T. 15 N., R. 30 E. | Frantz Corp., log 1,015 
sina micas Durfy Creek Sec. 18, T. 12 N., R. 23 E. | Section by C. L. Arnett 1,478 
, SES Devil’s Basin Sec. 9, T. 11 N., R. 24 E. Absaroka Oil Dev. Co., log 1,355 
Snowy Mountains Secs. 31 and 32, T. 11 N., 
. at E. Section by A. M. Lloyd 1,470 
Deicunae West of Buffalo Sec. 21,T.12 N., R. 14 E. | Buffalo Dome -7 i log 765 
East End Little Belts | Sec. 20,T. 11 N., R. 15 E. | Section by V. A. Gilles 
Shawmut anticline Sec. 34, T.7 N., R.16E. California Co., 1,071 
ese Big Elk dome Sec. 27, T. 7 N., R. 13 E. Harlow Oil & Gas Co., log 1,165 
| RRS Cottonwood anticline Sec. 35, T. 5 N., R.7 E. Mid-Northern Oil Co., log 520 
EES Bowlder River T.3S., R. 12 E. Section by Liebicker 205 
pe Billings Sec. 20, T.1S., R. 25 E. California Co., + dog 275 
eee Boundary Sec. 4, T. 2S., R. 27 E. Mid-Northern Oil Co., log 292 
ee oliet Sec. 8, T. 4S., R. 23 E. Hoosier Oil Co., log 287 
ee dgar Sec. at, 5S.,R. 25 E. Record Petroleum Co. ., log 260 
Wikeiwns Woody Creek Sec. 33, T. 3 S., R. 31 E. Mid-West Refining Co., log 414 
Bsc ses Soap Creek Sec. 34,T. 6S., R. 32 E. Thom & Moulton, U. S. Geol. 
Survey press builetin 335 
Widscs Old Colony anticline Sec. 17, T. 57 N., R.61 W.| Roxana Petroleum Co., log 445 
RE Big Coulee Sec. 13, T.3 N. Mid-Northern Oil Co., log ? 
age Woman’s Pocket Sec. 29, T.8 N., R. 21 E. Absaroka Oil Dev. Co., log ? 


The isopach map shows that there was a post-Madison basin of 
considerable depth and covering an extensive area in the central 
part of the state. Quadrant beds in the southern part of the area 
consist of the Tensleep and Amsden formations, having a thickness 
ranging from 250 to 400 feet. In the vicinity of the Big Snowy 
Mountains the thickness reaches a figure of more than 1,450 feet, 
or more than 1,000 feet greater than in the southern part of the area. 

Plates 34 and 35 show the basin in cross-section. Plate 34 shows 
a section running from the Pryor Mountains north through the Big 
Snowy Mountains to the Little Rocky Mountains. 

_ In the Little Rocky Mountains the Quadrant is absent, so that 
between the Armells anticline and that point the thickness decreases 
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from 1,171 feet to zero. This rapid thinning to the north may be due 
in part to the effects of erosion during the early Jurassic. It seems 
likely, however, that both erosion and natural thinning at the time 
of deposition explain the condition. 

The eastward extension of the basin is a matter of speculation, 
as shown by Plate 35. The most easterly point where data are avail- 
able is at the east end of the Cat Creek field, where the Frantz Cor- 
poration’s well penetrated more than 1,000 feet of Quadrant beds 
and judged by comparison with well logs and sections, stopped 
several hundred feet above the Madison limestone. It is altogether 
likely that the post-Madison basin extends some considerable dis- 
tance east of the Cat Creek anticline, and may extend entirely across 
the state. 

On the cross-sections, Plates 34 and 35, it will be noticed that the 
base of the beds definitely known to be Chester is about 800 feet 
above the Madison limestone in the deepest part of the basin. It 
will also be noticed that the Pottsville series lies at the top of the sec- 
tion. Lying between these two series of beds is a horizon containing 
shales and sandstones which, in the authors’ opinion, correlates 
closely, if not exactly, with the Tensleep of southern Montana and 
Wyoming. The Tensleep is considered to be of Pennsylvanian age.’ 
The sandstone series on the south side of the Big Snowy Mountains 
lies below beds of Lower Pennsylvanian and above beds of Chester 
age, so that it occupies a position in the Lower Pennsylvanian similar 
to the Tensleep. These sandstones are also similar in lithology to the 
sandstones of the Tensleep. 

The Amsden formation appears to be definitely of Mississippian 
age. 
If the series of red shales, sandstones, and limestone lying above 


the Madison limestone in the Belt and Snowy mountains is of the _ 


same age as similar rocks found around the Pryor and Big Horn 
mountains, occupying the same stratigraphic position, then the 
Amsden must be of Mississippian age, since Chester beds are known 
to exist 700 feet, stratigraphically above. It is evident from the pre- 
vious statements that the Quadrant of the Snowy Mountains section 
is at least half assignable to the Upper Mississippian. 


U.S. Geol. Survey Prof. Paper 71, p. 495. 
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GEOLOGIC HISTORY 


The difference in thickness and character of the sediments com- 
posing the Quadrant in the central part of the state, eastward 
from the Belt and Snowy mountains, compared with the territory 
west and south, indicates varied conditions under which the sedi- 
ments in the different localities were deposited. 

After the close of Madison time a subsidence occurred through 
the central part of the state as outlined by the isopach map (Plate 
33). Since there is some evidence of an unconformity between the 
Madison and Amsden, it is evident that deposition was not continu- 
ous. The subsidence probably began during Amsden time and was 
more or less continuous up to the beginning of Pottsville time. Be- 
tween Amsden and Pottsville deposition a series of sediments largely 
of Chester age was deposited, consisting of shales, limestones, sandy 
shales, and sandstones. At the close of Chester time there was a 


widespread deposition of sandy materials, mostly sandstone of the 


Tensleep horizon. The origin of this sandstone must have been from 
the south, from a shore line composed largely of silicious materials. 

Northward, toward the basin in central Montana, the sandstone 
series lensed out so that it is present along the southern edge of the 
basin and absent along the north and central part. 

After the deposition of the Tensleep sandstone, the limestone at 
the top of the Quadrant was laid down in the central basin. This 
limestone is of more or less lenticular character, attaining a thickness 
of more than 300 feet in places. 

Evidently there is an unconformity between Chester and Potts- 
ville, at least locally, the nature of which is uncertain. It is suggested 
by the presumably truncated beds of sandstone and shales and the 
rather rapid disappearance of ordinarily widespread sediments. This 
condition is especially noticeable over the Devil’s basin anticline and 
northwestward for several miles. 

After the deposition of the Pottsville the history is rather vague 
up to the time of deposition of the Chugwater red beds of Triassic 
age. There is no evidence of unconformable relationship between 
the base of the Chugwater and the beds beneath. Whether sediments 
were deposited and subsequently eroded, or whether conditions were 
such that few or no sediments were deposited, is not clear. Since the 
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Tensleep is of approximate Pottsville age, and since the Chugwater 
red beds seem to lie conformably on the Tensleep in the southern 
part of the state and the Pottsville limestone toward the central part 
of the basin, it seems evident that there was little change in 
the surface of the Pottsville horizon during Upper Pennsylvanian 
time. 

Between the deposition of the Chugwater and the Upper Jurassic 
(Ellis) there occurred a rather widespread period of base leveling. 
The Chugwater was truncated off toward the central part of the 
state, and probably was of less thickness in that area than farther 
south, so that during the hiatus that occurred between the Chug- 
water and Ellis, erosion removed the upper part of the Chugwater in 
the south-central part of the state, and the upper part of the Quad- 
rant in the area northward from the Judith Mountains. 

In the northern part of the state there is little known of the his- 
tory of events during and after Quadrant time, because of so few 
points of outcrop where conditions can be studied. It is probable 
that the Quadrant was never as thick in the area north of Missouri 
River as farther south, and that, because of the absence of the Chug- 
water, base leveling occurred to a greater degree over a longer period 
of time, removing part or all of the Quadrant. It may be that in cer- 
tain areas like the Little Rocky Mountains district and the Sweet 
Grass Arch, sediments of this age were never deposited. 

At any rate, whether removed by erosion or due to non-deposi- 
tion, the Quadrant is absent, as far as known, over much of the terri- 
tory north of Missouri River. 

In the area just north of the present northward extent of the 
Chugwater there was little erosion of the upper part of the Quadrant 
because it was covered for a long period by the Chugwater during 
the base leveling that occurred in early Jurassic time. 

The extent of the Pottsville-Chester sea is unknown. By refer- — 
ence to Plate 33, it appears to open eastward, and may have covered 
a vast area in that direction. It may be possible that somewhere 
toward the east or southeast it connected with seas of the Mid- 
Continent area. On the other hand, there is some evidence that the 
connection with other seas, if any, lay to the west. 
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OIL POSSIBILITIES 


The Quadrant of central Montana, in the authors’ opinion, offers 
good possibilities for oil. 

The Chester is highly petroliferous at points of outcrop. The 
limestones of this age are highly fossiliferous, and many fossil cavi- 
ties, when broken, disclose free oil. The shales yield oil on slight 
distillation. The oil at the Devil’s Basin anticline comes from this 
horizon. Here small production is obtained from sandy shales in the 
absence of a good reservoir rock. Showings of oil have been found in 
many other localities around the Big Snowy Mountains. The Oregon 
Montana Oil Company well in Sec. 20, T. 14 N., R. 26 E., encoun- 
tered a showing of oil in the Chester in the absence of a sandstone 
reservoir. 

Toward the northern part of the Pottsville-Chester basin there 
is an absence of sandstones in proximity to the Chester. In fact, in 
that area there are few sandstones in the Quadrant. Toward the 
southern part of the basin there is reason to believe that sandstones 
of approximately Tensleep age are present just above the Chester 
(see stratigraphic section, formations Nos. 13, 16, and 18). The 
source, or shore line, from which the Tensleep sandstone originated 
lay somewhere to the south, and the sandstone lensed out toward 
the center of the Pottsville-Chester basin, so that over the southern 
part of the basin there should be reservoir rocks in contact with, or 
in proximity to, the Chester. 

The Minnelusa formation of the Black Hills, South Dakota, -is 
in part, if not entirely, equivalent to the Tensleep sandstones. At 
least the upper part appears to be its equivalent. The thickness of 
the Minnelusa ranges from 300 to 600 feet, thinning toward the 
northeast. There is every reason to believe that it underlies a vast 
area and connects with the Tensleep to the west and northwest. 

Another factor which should be borne in mind in considering the 
possibilities for oil in the Quadrant in central Montana is the chance 
for a high-grade black oil, equally as promising as for a heavy low- 
grade oil. Too many people have thought of the Quadrant of Mon- 
tana as having no chance to produce anything but extremely heavy 
black oil. They have based their opinion on Soap Creek and the 
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Wyoming fields, but they have overlooked the very important fact 
that the probable sources of oil in the two localities are entirely dif- 
ferent. In Wyoming, the Embar formation is considered, by those 
who have studied it closely, as both the source and reservoir of a 
greater part of the “black oil.”” The Embar is absent in central 
Montana. In fact, typical Embar is not known in Montana, al- 
though it may be approximately equivalent to the Phosphoria of 
western and southwestern Montana. At Soap Creek the source of 
oil is not known, but is supposed to be from the top of the Madison 
limestone. In central Montana the Chester beds appear to be the 
most likely source of oil, and these are absent over southern Mon- 
tana and Wyoming. There is a possibility that the rocks near the 
top of the Madison limestone might be productive in central Mon- 
tana. Certainly no well started to test the Quadrant should stop 
short of the Madison limestone. 

On the whole, the Quadrant of east-central Montana offers an 
interesting problem from a scientific, as well as from an economic, 
standpoint. 
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GEOLOGICAL NOTES 


DISCOVERY OF NIGGER CREEK OIL POOL, 
LIMESTONE COUNTY, TEXAS 


Nigger Creek, a new oil pool in the general zone of Mexia faulting, was 
opened July 8, 1926, with the completion of Rosson No. 1 drilled by the 
Transcontinental Oil Company, making 2,797 barrels the first twenty- 
four hours. The well flowed steadily with no water. The oil had a cor- 
rected gravity of 39.9°. Its temperature was 97°. This production was 
found in the Woodbine sand at a depth of 2,846 feet. On August 23, a 
month and a half after the discovery, the pool was producing 14,726 
barrels a day from twelve wells. 

The new pool is about 53 miles west of Mexia in Limestone County, 
Texas. It is about 33 miles west of the south end of the Mexia pool, on an 
inner, or western, line of weakness known as the Tehuacana fault line. 

Credit for the discovery and development of the Nigger Creek struc- 
ture belongs to Leon J. Pepperberg, Heath M. Robinson, and W. E. 
Weather, independent consulting geologists of Dallas. Pepperberg made 
an intensive study of structural conditions in the Mexia-Powell district 
from 1922 to 1924 and developed some ideas about the source, migration, 
and accumulation of oil along the fault zone that were not commonly 
recognized by students of the fault area. The upthrown side of the “front- 
line,” or “outside,” faults located farthest east down the regional dip 
were everywhere recognized as the producing structures, and considered 
most favorable for the accumulation of oil migrating up the dip along the 
bedding planes. The “inside,” or west, faults of the general zone of weak- 
ness were thought to be unfavorably located. Pepperberg looked for 
favorable conditions, however, along the “‘interior”’ faults on the down- 
thrown side of the producing structures and parallel to the developed areas. 
In his search for the proper conditions as he had conceived them, he en- 
listed the assistance of Robinson, who suggested Nigger Creek as meeting 
the particular requirements; and together these two men mapped the 
geological structure in August, 1924. 

Efforts to induce operators to drill such a structure, located on a “sec- 
ondary” fault line, up to that time nonproductive, were not especially 
successful until early in 1925 when Wrather, too, became convinced of the 
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possibilities of production on an up-dip fault and through his influence 
with the Transcontinental Oil Company at Pittsburgh, Pennsylvania, 
brought about development on the Nigger Creek structure that led to 
discovery. 

The discovery and successful production of oil on a structure hitherto 
considered unfavorable because of its location with reference to known 
producing fields has resulted in leasing and wildcatting rather promiscu- 
ously along the strike of the interior faults of the Mexia zone, and of 
course many failures will result because the required geological conditions 
do not exist everywhere along the fault line. 

The known length of Nigger Creek structure based on surface indica- 
tions is approximately 3 miles. Its width is unknown. On August 28 the 
length of the producing field was 6,000 feet and its width was 500 to 800 
feet. 

Pepperberg discusses “‘Oil Possibilities Off the Main Fault” in the Oil 
Weekly of July 30, 1926. 

J. P. D. Hutt 


A SOXHLET EXTRACTOR FOR POROSITY 
DETERMINATIONS: 


In the determination of porosity of oil sands natural cementing ma- 
terials are often recognized that will not remain unaltered when the frag- 
ment of rock under investigation is heated to a red heat to remove the oil 
remaining in the pores. It is essential that this cementing material main- 
tain its original composition and volume, as it constitutes an integral part 
of the non-porous portion of the rock. To remove the oil adhering to the 
sand grains, a process of washing with some solvent is necessary. 

The extraction apparatus shown in Figure 1 performs this function, 
and is a modification of the Soxhlet extractor commonly used in the 
chemical laboratory. This instrument is made entirely of Pyrex glass? for 
mechanical strength and resistance to breakage from rapid temperature 
changes. It has been designed for rapidity of operation, strength, and 
compactness, and is less than one-half the size (height, 14 inches over all) 
of the customary apparatus constructed for the purpose. The use of 
ground joints prevents contamination of the solvent or reaction by it. 

A No. 5205 Norton filtering crucible is used to hold the sand, and as it 


t Published by permission of the Director, U. S. Geological Survey. 
2 Corning Glass Works, New York City. 


31-inch diameter; }}-inch height; 35 c.c. capacity. Norton Company, Worcester, 
Massachusetts. 


| 
{ 
| 
| 
i 
a2 
de 
> . > 


Fic. 1. ASoxhlet extractor for the determination of the porosity 
of oil sands having alterable cements. Illustration one-half actual size. 
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is short and wide-mouthed, it is easily cleaned and inspected. Only a 
small volume of solvent is required for each overflow, thereby increasing 
the number of flushings in a given unit of time. The condenser is brought 
well down into the extraction chamber, so that vapors discharging from 
the flue come immediately into contact with it. The flask is made with a 
flat bottom for increased heating surface, and performs its duty in much 
less time than previously required. 

In operation condensing water should be circulated in sufficient 
amount so that very little, if any, condensation is noticeable in the upper 
bulb. Carbon tetrachloride, carbon bisulphide, or ether may be used as 
the solvent, but care should be exercised that these liquids do not come 
into contact with the hot plate, as they are highly volatile and evolve 
poisonous gases. When many tests are being made, the spent solvent from 
each test may be collected in a large retainer until a sufficient amount has 
accumulated to warrant distillation. The solvent chosen, therefore, may 


be used repeatedly, with little loss. 
WALTER B. LANG 
U. S. Geotocicat SURVEY 
August 18, 1926 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The Executive Committee has approved for publication the names of the 
following applicants for membership in the Association. This does not constitute 
an election, but places the names before the membership at large. In case any 
member has information bearing on the qualifications of these applicants, please i 
send it promptly to J. P. D. Hull, Business Manager, Box 1852, Tulsa, Okla- : 
homa. 

(Names of sponsors are placed beneath the name of each applicant.) 


FOR FULL MEMBERSHIP 


W. L. Day, Bartlesville, Okla. rte 
R. J. Riggs, R. S. Knappen, H. T. Beckwith 
Jean A. Hoekstra, Maracaibo, Venezuela, S.A. 
F. I. Martin, P. E. Nolan, Ebert E. Boylan 
Richard C. Kerr, Taft, Calif. 
Walter A. English, Willard W. Cutler, Jr., Paul P. Goudkoff & 
Lewis G. Mosburg, Wewoka, Okla. 
Frank R. Clark, K. C. Heald, Kirtley F. Mather 
Heinrich Ries, Ithaca, N.Y. 
C. M. Nevin, R. E. Somers, Charles E. Decker 
Herbert M. Stanley, Ponca City, Okla. 


Edward L. Jones, Jr., E. F. Davis, A. T. Schwennesen a, 
Norman L. Thomas, Mexia, Tex. Tae 
W. H. Twenhofel, R. A. Liddle, E. B. Stiles 


Fay L. Wright, Los Angeles, Calif. 

Wayne Loel, Van Court Warren, Harry R. Johnson 
Bryce K. N. Wyllie, London, England 

A. H. Noble, W. E. Wrather, E. W. Shaw 


FOR ASSOCIATE MEMBERSHIP 
Willy Hafner, Bakersfield, Calif. 
Arthur R. May, Emil Ott, F. E. Vaughan - 
FOR TRANSFER FROM ASSOCIATE TO FULL MEMBERSHIP 


George Steiner, Houston, Tex. 
F. W. DeWolf, Dugald Gordon, Roland B. Paxson 
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FALL MEETING TO BE HELD IN NEW YORK CITY 


The fall meeting of the American Association of Petroleum Geologists will 
be held at Hotel Pennsylvania, New York City, November 15-17. This eastern 
meeting will present a program of foreign papers. The Arrangement Committee 
includes E. DeGolyer, general chairman; C. H. Wegemann, program; and A. H. 
Garner, finance. 


DISCUSSION OF CONTINENTAL DRIFT AT 
MEETING, NOVEMBER 15-17 


The problem of continental drift is to occupy a definite place in the thought 
and discussion of the members of the association at the New York meeting in 
November, and, in order that members may be prepared to take part in consid- 
eration of this subject of fundamental geology, a résumé is here given of Mr. 
Van der Gracht’s paper that will be presented in New York. 

It is hoped that a number of geologists who have studied this problem and 
who care to discuss it, will send in outlines or abstracts of their remarks, so that 
these may be printed for distribution, if it seems desirable, in advance of the 
formal presentation at the meeting. Those interested should send both advance 
abstracts and full discussions to C. H. Wegemann, chairman, Program Com- 
mittee, care of Pan-American Exploration Company, New York City. 


THE PROBLEM OF CONTINENTAL DRIFT 
RESUME 


First, a brief outline will be given of Alfred Wegener’s continental drift 
theory in its latest aspect, and of the main arguments which have been proposed 
in its support, as well as of some of the principal objections. The most serious 
of the latter is that there is no sufficient explanation for the mechanism of a drift 
of such magnitude of the acid continental crust (“‘sial”) over a solid, basic sub- 
stratum (“sima”). 

Discussion of the theory presented by John Joly (1923-25) which concludes 
with a periodicity of fluidity and solidification of the basic (sima) substratum, 
caused by the generation of heat through radioactive changes in the atoms. 
This heat accumulates faster than it can dissipate into space, and over a period 
roughly estimated at thirty million years, will cause the sima sphere to become 
fluid under the outer sial crust. This should greatly increase the forces which 
tend to cause a locally differentiated westward drift of the outer crust and their 
effect: actual drift. In fact, if Joly’s thermal theory is right, such drift seems 
the only means by which accumulated heat can sufficiently be relieved and dis- 
sipated into space. It is calculated that, given sufficient drift, a five-million- 
year period would suffice to resolidify the basic substratum. 

These alternate periods of fusion and resolidification are causally connected 
with the main world-wide diastrophisms, Joly’s “revolutions.” 
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If Joly’s reasoning is correct, a general westward drift becomes a necessity, 
and a locally differentiated drift most probable. This would support Wege- 
ner’s theory and eliminate the worst objection against it. 

This is worked out and added to in further detail; the author adds further 
conclusions of his own; the causes of relatively differentiated drift are discussed, 
not only as between the major continents, but also intercontinental, more local 
drift, its relations to isostasy, and the general continental deformation it must 
cause. Shifting of the earth’s poles need only be relative, and does not necessa- 
rily imply major changes in the location of the earth’s axis of rotation in space, 
thereby eliminating another objection against Képpen-Wegener’s plausible 
theory of geological climates. There is no necessity to dislocate the earth’s axis. 

The position of the author is the following: He considers the Wegener the- 
ory worthy of very serious consideration and gradually has come to regard it 
ever more favorably. It offers a plausible explanation of a number of problems 


never satisfactorily explained before. The results of further thought and geologic 


research seem to be increasingly in support of the theory, rather than against 
it. Serious objections become ever more weakened by further research. In 
this spirit the theory is offered for serious discussion here in America, where so 
far it has found but scant support. The author realizes that no such theory is 
ever a finished product or perfect: he approaches it all with an open mind and 
will welcome anybody’s argument in order to bring us nearer to truth. He offers 
his own thoughts and additions in the same spirit. 


W. A. J. M. vAN WATERSCHOOT VAN DER GRACHT 


LITERATURE THE PREVIOUS STUDY OF WHICH IS RECOMMENDED 

1. A. WEGENER: Die Entstehung der Kontinente und Ozeane, latest edition, 
Braunschweig, 1922. (English edition, translated by J. G. A. Skerl, The 
Origin of Continents and Oceans, London, 1924.) 

2. KOpPEN-WEGENER: Die Klimate der Geologischen Vorzeit, Berlin, 1924. 

3. JOHN Jory: The Surface History of the Earth, Oxford, 1925. 

4. Ete Arcanp: La Tectonique de l’Asie, International Geological Congress, 
Brussels, 1922. 


LUBRICATION SYMPOSIUM REPRINTS—AMERICAN 
CHEMICAL SOCIETY 


The Lubrication Symposium of the American Chemical Society, which was 
held in Tulsa, Oklahoma, in April, is now available in reprint form. Over fifty 
double-column printed and illustrated pages are devoted to the present art of 
lubrication. Contributions from fifteen outstanding authorities on the subject 
were received from the nation’s foremost industrial and scientific laboratories. 
Four of the largest oil companies, the Mellon Institute, the Bureau of Stand- 
ards, two of the principal manufacturers of thrust bearings, a large maker of 
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internal combustion engines, and the largest manufacturer of graphite were 
among the contributors. 

A limited number of these reprints are available and may be had at $0.50 
each by addressing Mr. Erle M. Billings, secretary of the Industrial Division, 
American Chemical Society, Research Laboratory, Eastman Kodak Company, 
Rochester, New York. 


PUBLICATION OF ASSOCIATION PAPERS IN 
TRADE JOURNALS 


The Executive Committee is in favor of the publication in trade journals of 
timely papers presented at association meetings, provided the papers are first 
submitted to the business manager for his approval and provided proper 
acknowledgment is made to the association. Papers offered to trade journals 
without first being submitted to the business manager for his approval are not 
eligible for publication in the Bulletin. 

Members offering papers for presentation at any of the association meetings, 
who desire to have these papers published in trade journals or elsewhere than 
in the Bulletin, either before or after publication in the Bulletin, should submit 
complete duplicate copies of the paper to the business manager, together with a 
statement of the name of the trade journal in which publication is desired. After 
necessary editorial scrutiny, the business manager will then forward one copy 
of the paper to the designated trade journal, together with a note to the pub- 
lisher providing for proper acknowledgment to the association. In the case of 
timely papers, every effort will be made to expedite the editing and forwarding 
of the manuscript to the trade journal. 
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CURRENT NEWS AND PERSONAL ITEMS OF 
THE PROFESSION 


Davw WuitE, of the National Research Council, Washington, D.C., visited 
the western states in August. 


C. O. NICKELL, formerly with the Texas Company at Wichita Falls, Texas, 
is now with the Continental Oil Company. 


C. J. HARES may be addressed at Apartado 2, Cuatra Cienegas, Coahuila, 
Mexico. Mr. Hares is chief geologist for the Ohio Oil Company interests in 
Mexico. 


Lewis S. CorYELL, of Columbia University, New York City, has completed 
his summer’s work with the Pure Oil Company at Tulsa, Oklahoma. 


H. R. Van GILDER is with the Marland Oil Company at Amarillo, Texas. 


Joun G. Burtt, formerly with the Roxana Petroleum Corporation at Tulsa, 
is now with the Dutch Shell of California. 


Rap E. Davis, 1710 Union Bank Building, Pittsburgh, Pennsylvania, 
visited Houston last July. 


T. K. HaRNSBERGER, who is in charge of the geological work for the Roxana 
Petroleum Corporation at Tulsa, spent the summer on a business and pleasure 
trip in Europe. During his absence W. Von Hotst PELLEKAAN, of Dallas, 
spent the summer at Tulsa. . 


CuarLEs E. DECKER, professor of paleontology at Oklahoma University, 
Norman, has returned from teaching geology in the summer school of Cornell 
University, Ithaca, New York. Dr. and Mrs. Decker motored to and from 
Ithaca, making the trip their vacation. 


Rosert H. Dort, of the Carter Oil Company, visited several southern 
states in the interest of his company iast August. 

The following names of members of the Association are found in Lista Pro- 
visional de Sefiores Congresistas, published by the Congreso Geolégico Interna- 
cional last April: 


J. T. SINGEWALD, Jr., M. I. Gotpman, H. F. Barn, SIDNEY Powers, 
CHESTER R. Tuomas, W. E. WRATHER, JOHN F. WEINZIERL, E. H. SELLARDS, 
I. P. Vorrest1, HANs STILLE, B. K. N. Wytitie, W. A. J. M. VAN WATERSCHOOT 
VAN DER GRACHT, J. F. Kemp, F. G. CLapp, ALFrep C. Lang, F. H. LAHEE, 
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T. W. VauGHAN, WALLACE E. Pratt, W. P. Haynes, F. O. Martin, G. D. 
LoupERBACK, A. M. BATEMAN, HEryricu Ris, C. A. Bontne, J. H. JOHNSON. 


Dasney E. Petty has organized the Petty Geo-Physical Engineering Com- 
pany at San Antonio, Texas. 


J. R. Bunn is associated with CHaRLEs E. CLowE, consulting geologist of 
Ardmore, Oklahoma. 


S. S. Price, of the Dixie Oil Company, Tulsa, enjoyed his vacation in New 
Jersey. 


C. M. KEeEteEr is with the Sun Oil Company at San Angelo, Texas. 


W. E. Pratt is the author of a paper entitled, “Many Holes Drilled to Test 
Trinity Sand for Oil,” published in the Oil Weekly, July 30, 1926. 


C. R. THomas has resigned from the Amerada Petroleum Corporation and 
entered consulting geology at Tulsa, Oklahoma, with an office at 314 Clinton 
Building. 

W. R. Lonomire, of the Gypsy Oil Company, Tulsa, spent July in Cali- 
fornia. 


A. C. Bierman, of Dallas, Texas, and Miss Audrey Annette Borden, of St. 
Paul, Minnesota, were married August 7, 1926. 


E. B. HALtt, with a party of geologists for the Henry L. Doherty interests, 
went to Mexico in July. 


THEODORE CHapPtn, of Tampico, is in charge of the geological investigations 
in Mexico for the Henry L. Doherty interests. 


RicHarp A. JONES, of the Marland Oil Company at Laredo, and Miss Lottie 
May Brooks, of San Antonio, were married July 24, 1926. 


J. Q. Myers is with the Roxana Petroleum Corporation at Laredo, Texas. 
Paut F. Morse is now with Seagraves & Moody at Laredo, Texas. 


H. D. Miser returned to the U.S. Geological Survey, July 1, to have charge 
of areal geology, after his work as state geologist of Tennessee. 


Paut L. Apptin is now chief geologist for J. S. Cosden, Inc., at Fort Worth. 


Mrs. APPtin is employed by the Rio Bravo Oil Company at Houston, in 
consulting capacity. 


W. F. Bowman is with the Associated Oil Company at Houston, Texas. 


CuHartLes L. BAKER has moved from Tampico to become chief geologist for 
the Rio Bravo Oil Company, Houston, Texas. 


D. D. CuristNER is in charge of the geological work for the Marland Oil 
Company of Texas at San Angelo, Texas. 
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RoseErt F. Impt now represents the Humphreys Corporation at San Angelo, 
Texas. 


RosBeErtT E. RETTGER represents the Sun Company at San Angelo, Texas. 


CorNELIUsS SCHNURR is in charge of work for the Mid-Continent Petroleum 
Company at Amarillo, Texas. . 


C. N. Housu, recently of Houston, Texas, has charge of work for the Gulf 
Production Company at Laredo, Texas. 


Max W. Ba tt spent part of the summer in the Mid-Continent fields with 
E. RussEtt Lioyp. 


Aan M. Bateman, of New Haven, Connecticut, spent the summer in 
Europe and attended the International Geological Congress at Madrid. 


Mowry Bates is living at the Merritt Jones Hotel, Ocean Park, California. 


L. B. Benton, formerly at Mabank, Texas, is now living at Cisco, Texas. 
His post-office address is Box 811. 


Es F. Bown visited Venezuela the past summer. 


It is expected that the U. S. Geological Survey will publish the geological 
map of Oklahoma some time in December. 


Vercit N. Brown has returned from Trinidad to Oklahoma City, where his 
address is 2601 N. Robinson Street. 


ALAN BRUYERE is in charge of The Texas Company work in west Texas. 


FRANK Bryan, of Tulsa, is working in Texas for the Riverland Oil Com- 
pany, whose offices are in the Petroleum Building, Tulsa. 


Paut W. McFartanp is with the Sun Company at Laredo, Texas. 

W. C. Kite has established an office at Amarillo, Texas, for Perrine & Kite. 
Frank Butrram, of Oklahoma City, spent the summer in California. 
W. R. CALveERrtT is working on the Edwards Plateau in Texas. 


C. G. Cartson, of Tulsa, visited the new Saginaw, Michigan, oil field for 
the Sun Company last July. 


D. P. Carton is in charge of the geological work for the Humble Oil & 
Refining Company at Houston. . 


FREDERICK G. CLAPP has moved from 30 to 50 Church Street, New York 
City. 


F. Jutrus Fous visited the Mid-Continent fields last July. 


Car W. CrarKE, of Tulsa, discovered the structure in T. 7 N., R. 4 E., 
Pottawatomie County, Oklahoma, where the Darby Oil Company of Tulsa 
completed a new well last July. 
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A. F. Crier, chief geologist for the Dixie Oil Company at Shreveport, 
Louisiana, is recovering from a prolonged illness. 


RatpH CuMMINS is with the land department of the Marland Employees’ 
Royalty Company at Fort Worth, Texas. 


O. L. Dattas has resigned from the Black Gold Oil Company of Tulsa. 


Howarp CrarkK has resigned from the Olean Petroleum Company a 
Gold Oil Company). Mr. Clark spent the summer at Utica, Ohio. 


FRANK CARNEY is head of the land and geological department of the 
National Refining Company, with headquarters at Tulsa. 


C. R. Eckes, consulting geologist of Tulsa, spent his vacation in Colorado. 


Rosert J. Davis is assistant chief geologist of the Roxana Petroleum Cor- 
poration at Tulsa. 


WarrEN N. Newsy, of the Roxana Petroleum Corporation, has moved from 
Ponca City to Tulsa. 


R. E. BEenpinc is chief geologist for the Manhattan Oil Company, Eureka, 
Kansas. 


W. L. GoxpsTon is geologist for Cranfill & Reynolds at Cisco, Texas. 


GEORGE SAWTELLE, of the Kirby Oil Company, Houston, Texas, has been 
spending much time at Corsicana. 


PHILLiP MAVERICK, petroleum geologist, has offices in the Ricker & Dodson 
Building, San Angelo, Texas. 


JosEPH JENSEN, geologist for the Associated Oil Company af California, 
spent his vacation in southern Utah last summer. 


RosBert E. GarreETT, consulting geologist of Tulsa, went to Illinois for his 
vacation. 


Extis A. HALL, in charge of geological work for the Pan American Explora- 
tion Company and the Huasteca Petroleum Company of Tampico, conferred 
with C. H. WEGEMANN in Galveston last July. 


M. E. Mortrmore will teach again next winter in Graceland College, 
Lamoni, Iowa. 


J. O. Nomianp and S. H. Gester are assistant chief geologists for the Stand- 
ard Oil Company of California at San Francisco. 


Wa ter M. Burress is geologist for the Mid-Continent Oil Company at 
Cisco, Texas. 


A. C. REEDs is engaged in consulting work at San Angelo, Texas. 


E. W. McCrary, of the Tidal Oil Company of Tulsa, has recovered from a 
recent operation. 
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GrEorGE C. Matson, of the Schermerhorn Oil Company of Tulsa, has dis- 
covered, by drilling, a laccolith of serpentine in the southeastern part of Medina 
County, Texas, near Lacoste. 


G. R. Henson, of the production department of the Roxana Petroleum 
Corporation, has moved to Tulsa, replacing E. G. ALLEN, who has gone to 
Dallas. 


Joun BELL is mapping the Los Aldamas structure, near Monterey, for the 
International Petroleum Company. E. A. McKanna, consulting geologist for 
the International, inspected the work in July. 


L. W. Kester has resigned from the Skelly Oil Company to accept a posi- 
tion with the Sinclair Oil & Gas Company as division geologist at Wichita, 
Kansas. 


The SHREVEPORT GEOLOGICAL SOCIETY gave a banquet to J. P. D. Hutt, 
July 2, and presented him with a gold watch in honor of his appointment as 
business manager of the Association. 


RosBert H. Woop, of Tulsa, is a frequent visitor at Amarillo. 


James L. GarTNER, of the Riverland Company, discovered the new field 
in the NW. 4, Sec. 34, T. 19 N., R. 11 E., and in the NW. 3, Sec. 1, T. 18 N., 
R. 11 E., Tulsa and Creek counties, Oklahoma. 


LuTHER H. Wuite, of the J. A. Hull Oil Company of Tulsa, discovered the 
new Winfield pool in Sec. 15, T. 32 S., R. 4 E., Cowley County, Kansas. 


Joun CLARK TEMPLETON, formerly with the Anglo-Persian Oil Company, 
has joined the geological department of the Humble Oil & Refining Company of 
Houston. 


O. G. BELL is in charge of the work of thé Humble Oil & Refining Company 
at Laredo, Texas. 


A. R. DENISON is stationed at 506 American National Bank Building, Enid, 
Oklahoma, with the Amerada Petroleum Corporation. 


H. B. Goopricu, consulting geologist of Tulsa, spent the summer at Eureka 
Springs, Arkansas. 


Wit11aMm D. Gray, of the Gray Oil Company, Tulsa, discovered the Turkey 
Mountain Sand oil field in the NE. 3, Sec. 3., T. 18 W., R. 11 E., Creek County, 
Oklahoma. 


Wa ttace E. Pratt, director of the Humbie Oil Company, visited New York 
City, New Mexico, and the Yellowstone National Park in August. 


OweEN A. WINsOoR is with the Schermerhorn interests in Texas. 


Epwarp BLoEscu, of Tulsa, spent the summer at Boulder, Colorado. 
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Joun R. Suman, vice-president of the Rio Bravo Oil Company, Houston, 
Texas, enjoys fishing for alligators. 


F. H. Lanes, chief geologist of the Sun Oil Company, spent August on a 
tour through the oil fields of west Texas, New Mexico, and Colorado. 


Harry J. Brown has organized the Galt-Brown Oil Company, with offices 
in the Exchange National Bank Building, Tulsa, Oklahoma. 


Henry A. Ley has organized the Elmwood Oil Company, 117 E. Sixth 
Street, Tulsa, Oklahoma. 


Haroip F. Crooks, of the Standard Oil Company of New Jersey, is 
working in eastern Europe. 


J. H. Garpner, of Tulsa, spent August at Lake Chautauqua, New York. 
C. S. Forp is engaged in consulting work at Enid, Oklahoma. 


F. P. Geyer, president of the Marland Oil Company of Texas, has moved 
back to Ponca City. 


Max A. PisHEL, of Tulsa, spent the summer in Europe with his family. 

J. J. Gattoway, of Columbia University, New York City, spent the summer 
in Mexico. 

D. R. Semmes, of 25 Broadway, New York, recently made a trip to Brazil 
on consulting work. 


SmwneEy Paice is working for the Amerada Corporation in Colombia, South 
America. 


STANLEY C. HEROLD is completing his work on the mathematical study of 
oil production at Stanford University, California. 


L. C. Hay is associated with Henry A. Ley in Tulsa. 

J. Wuirney Lewis has moved from Fort Worth to Cisco, Texas. 

LEE Hacer has organized a new royalty company in Houston. 

FRANK C. GREENE is chief geologist of the Skelly Oil Company of Tulsa. 


E. W. Hume has opened an office in the Fort Worth Club Building, Fort 
Worth. 

W. E. Husparp, of the Humble Oil & Refining Company, stationed in 
Amarillo, spent the summer in Alaska. 


C. Don Hucues has moved from Duncan, Oklahoma, to Amarillo, Texas, 
where he represents the Empire Gas & Fuel Company. 


J. V. Howe tt, of the Marland Oil Company of Texas, has moved to Ama- 
rillo, Texas. 
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N. P. IsENBERGER represents the Amerada Petroleum Corporation at 
Amarillo, Texas. 


W. E. Hopper, of Shreveport, Louisiana, has been inspecting gas fields in 
Texas. 


Henry V. Howe, head of the department of geology at Louisiana State 


. University, Baton Rouge, spent the summer in the West. 


RapH Ricwarps is in the Argentine with the Standard Oil Company of 
New Jersey. 


R. J. Ricos, in charge of the land and geological departments of the Indian 
Territory Illuminating Oil Company, has moved from Tulsa to Bartlesville, 
Oklahoma. 


L. J. PEPPERBERG, HeatH M. RosInson, and W. E. WRaTHER have an 
interest in the Transcontinental Oil Company’s holdings at Nigger Creek, 
Limestone County, Texas. 


L. E. KENNEDY, of Tulsa, represents the Douglas Oil Company at Amarillo, 
Texas. 


K. K. Krpatt has an office in the National Bank of Commerce Building, 
Tulsa, Oklahoma. 


L. L. Fotry is with the Mid-Kansas Oil Company, Petroleum Building, 
Tulsa. 


R. S. KNapPEN, of the Gulf Oil Corporation, toured the Mid-Continent fields 
in August. 


G. Kosayasut is in charge of the petroleum section of the Imperial Geolog- 
ical Survey of Japan. 


A. C. Veatcu, of the Sinclair interests, spent July in Angola. 

A. W. Laver is with the Texas Company, at Tulsa. 

B. H. Lasky represents the Simms Oil Company in Tulsa. 

J. W. KruisseLsrinkK has returned to the United States. 

R. T. Lyons, of the Skelly Oil Company, is stationed at Cisco, Texas. 


. J. M. Lovejoy, vice-president of the Amerada Petroleum Corporation, won 
a prize in the yacht races on Long Island Sound in July. 


J. M. LicricReN represents the Sinclair Oil & Gas Company at Enid, 
Oklahoma. 


C. J. Wou ror» lives at 938 W. Huisache Avenue, San Antonio, Texas. 


Marvin LEE, Wichita, Kansas, spent the summer in Colorado. 


L. J. Younes, of the Mid-Continent Petroleum Company, is working in 
Oklahoma. 
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J. MILrarp is in Venezuela. 
W. Z. Miter, of Tulsa, spent the summer in Colorado. 
Hucx Mackay, formerly of Sapulpa, Oklahoma, is living in Florida. 


E. W. Suaw, A. C. TROWBRIDGE, and S. L. Mason returned in July from 
Mesopotamia, where they were working for the Turkish Petroleum Company, 
Ltd. 


K. F. MaTHER has been appointed associate professor of Geology in Harvard 
University, and will teach petroleum geology. Kirk Bryan, of the U. S. Geo- 
logical Survey, has been appointed assistant professor to teach physiography in 
his place. 


C. V. MILiiKaN has been transferred to the production department of the 
Amerada Petroleum Corporation of Tulsa. 


H. G. OFrFIcer has joined the land department of the Amerada Petroleum 
Corporation. 


F. C. SEALEyY is division geologist for the Texas Company at Wichita 
Falls, Texas. 


Doxiie RADLER is administrative geologist of the Amerada Petroleum 
Corporation of Tulsa. 


T. E. WErRIcH is with the Tidal Oil Company of Tulsa. 


C. H. WEGEMANN, of the Pan American Exploration Company, 120 Broad- 
way, New York City, made a trip to Houston in July. 


A. E. STANDER is division geologist for the Texas Company at Wichita, 
Kansas. 


Jon A. Uppen, of Tulsa, spent the summer at Bentonville, Arkansas. 
E. A. TRAGER is associated with Eart OLIVER in Ponca City, Oklahoma. 


D. H. THorNBuRG, of the Roxana Petroleum Corporation, is in charge of 
the Wichita Falls district. 


E. A. STEPHENSON, of Pittsburgh, spent July at Big Lake, Texas. 

W. C. Tuompson, of the Sun Oil Company, spent August in the Dallas office. 
L. B. SNIDER, of TuLsA, spent his vacation in Colorado and California. 

L. A. SCHOLL, JR., has been touring Canada on a pleasure trip. 


O. M. Epwarps represents the Red Bank Oil Company at San Angelo, 
Texas. 


V. E. CorrincHam is with the Exploration Company of San Angelo at 303 
Mays Building. 
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W. R. Hamitton, consulting geologist of Tulsa, spent the summer at 
Eureka Springs, Arkansas. 


Roy E. Dickerson, of San Francisco, has gone to South America for the 
Standard Oil Company of California. 


A. N. Mackenzig, of Pasadena, California, is in South America in the 
interests of the Sinclair Oil Corporation. 


C. R. McCottom, of Los Angeles, visited the Mid-Continent fields in 
September. 


JoserH H. Srncrarr, of New York City, spent the summer in Europe. 


E. K. Soper, of Palo Alto, California, visited Tulsa in August on a business 
trip. 

L. G. Keppier, formerly with the Southwestern Petroleum Company, is 
now geologist for the Foster Oil Company of Tulsa. 


F. A. A. vAN Goon, chief geologist of the Dutch Shell, is inspecting their 
properties in California and the Mid-Continent fields. 


N. H. Darton, of the U. S. Geological Survey, is in Texas working on the 
areal geology for the new state map which is in process of preparation. 


L. D. Burt1no, professor of geology at Vassar College, spent the summer in 
Amarillo in the employ of the Phillips Petroleum Company. 


E. C. Moncrter is chief geologist of the Derby Oil Company, Wichita, 
Kansas. 


D. R. Snow is chief geologist for the Barnsdall Oil Company of Tulsa. 
R. B. RUTLEDGE represents the Barnsdall Oil Company at Winfield, Kansas. 


J. H. Criyg, consulting geologist of Wichita, Kansas, owns some of the 
royalty in the new Oxford field of Kansas. 


IRvING PERRINE, consulting geologist of Oklahoma City, spent August in 
California. 

A. O. Hayes, formerly with the Standard Oil Company of New Jersey in 
the Argentine, is working for the Geological Survey of Canada at St. John, N.B. 


S. J. CAuDILL, consulting geologist of Tulsa, spent the summer in New York 
City and other eastern cities. 


L. P. Garrett, of Houston, chief geologist for the Gulf Production Com- 
pany, visited New York City in September. 


E. H. SELLARDS, University of Texas, Austin, Texas, has recently returned 
from a visit to the potash mining districts of Germany, France, and Spain. 
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Mr. and Mrs. R. F. SCHOOLFIELD, 916 Salinas, Laredo, Texas, announce 
the birth of a daughter, Joan, August 12, 1926. Mr. Schoolfield is engaged in 
consulting work at Laredo. 

J. V. Heaptey, of the Petroleum Exploration Company, is located in the 
Jacobson Apartments, San Angelo, Texas. 

Joun L. Ricu and family, of Ottawa, Kansas, enjoyed part of August and 
September in a tour through Colorado. 

D. W. OuERN, president of the Borealis Oil Company of Oklahoma City, 
spent the summer in Colorado. 

The Anglo-Persian Oil Company has completed an oil well in Albania, ac- 
cording to press reports. 

The officers of the Panhandle Geological Society at Amarillo are C. Max 
BAvER, president; C. Don HuGueEs, vice-president; KENNETH WILSON, secre- 
tary-treasurer. They are financing an elevation party of the U. S. Geological 
Survey to run elevations and establish bench marks in the Panhandle. 

C. C. Toomey, formerly with the Carter Oil Company, has joined the Skelly 
Oil Company at Tulsa. 

ARTHUR Knapp published a paper, “Sodium Carbonate as Flooding Agent 
Revises Estimate on Oil Reserves,” in the Oil Weekly, August 20, 1926. 

GEorGE Oris SMITH made a trip through the oil fields of Montana and 
California during the summer. 

J. R. (“Britt”) PemBerton is chief geologist for E. L. Doheny. 

H. C. Georce, of the University of Oklahoma, spent the summer at San 
Antonio on professional work. 

C. E. vAN OrSTRAND published a paper, “Interpreting Earth Tempera- 
tures,” in the Oil and Gas Journal for August 26, 1926. 

SipnEy Powers, chief geologist for the Amerada Petroleum Corporation 
at Tulsa, Oklahoma, spent the latter part of August in New York City. 


GeorcE R. Ettiort, for two years geologist with the Standard Oil Com- 
pany of California, is with the Richfield Oil Company at Los Angeles. 


Homer A. Nose, formerly district geologist for the Marland Oil Company 
of Mexico at their Limon lease in the Tampico district, is now associated with 
W. Armstrong Price, 912 Bankers Mortgage Building, Houston, Texas, and is 
engaged in surface and subsurface geology in the Gulf Coast fields and adjacent 
areas. Mr. Noble has recently returned from a few weeks’ vacation in northern 
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PROFESSIONAL DIRECTORY 


ADDRESS: J. P. D. HULL, BUSINESS MANAGER, BOX 
1852, TULSA, OKLAHOMA 


D. DALE CONDIT 
CHIEF GEOLOGIST IN INDIA 


WHITEHALL PETROLEUM CORPORATION LTD. 


SHILLONG, ASSAM, INDIA 
AND 
53. PARLIAMENT STREET, LONDON, S.W.1 


(No ouTsipe work) 


HUNTLEY & HUNTLEY 
PETROLEUM GEOLOGISTS 
AND ENGINEERS 
L. G. HUNTLEY 
SHIRLEY L. MASON 
J. R. WYLIE, JR. 


FRICK BUILDING, PITTSBURGH, PA. 


EDWIN B. HOPKINS 


CONSULTING GEOLOGIST 


25 BROADWAY NEW YORK CITY 


GEO. C. MATSON 


GEOLOGIST 


408 COSDEN BLDG. TULSA, OKLA. 


JAMES L. DARNELL 


ENGINEER 


170 BROADWAY NEW YORK CITY 


DABNEY E. PETTY 


CHIEF GEOLOGIST 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


SAN ANTONIO, TEXAS 


RALPH E. DAVIS 


ENGINEER 


GEOLOGICAL EXAMINATIONS 
APPRAISALS 


1710 UNION BANK BLDG. PITTSBURGH, PENN 


DEWITT T. RING 


GEOLOGIST 


404 ARMSTRONG BLDG. EL DORADO, ARK. 


FRANK W. DEWOLF 


CHIEF GEOLOGIST 
HUMPHREYS CORPORATION 


NOT OPEN FOR CONSULTING ENGAGEMENTS 


501 MASON BUILDING 


HOUSTON, TEX. 


EUGENE WESLEY SHAW 


GEOLOGIST 


170 BROADWAY NEW YORK 
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E. DEGOLYER 


GEOLOGIST 


65 BROADWAY NEW YORK 


THE M. M. VALERIUS COMPANY 


PETROLEUM GEOLOGISTS 


M. M. VALERIUS TULSA 


MAX W. BALL 


OIL GEOLOGIST AND ADVISER ON 
OIL LAND LAW 


FIRST NATIONAL BANK BLDG. 
DENVER, COLO. 


CONSULTING PRACTICE LIMITED TO OFFICE CONSULTA- 
TION ON ROCKY MOUNTAIN MATTERS 


CHESTER W. WASHBURNE 


GEOLOGIST 


2 RECTOR ST. NEW YORK 


STUART ST. CLAIR 


CONSULTING GEOLOGIST 


25 BROADWAY NEW YORK CITY 


BROKAW. DIXON, GARNER 
& MCKEE 


GEOLOGISTS PETROLEUM ENGINEERS 
EXAMINATIONS APPRAISALS 


ESTIMATES OF OIL RESERVES 


120 BROADWAY CARACAS 
NEW YORK VENEZUELA 


JOSEPH A. TAFF 


CHIEF GEOLOGIST 
PACIFIC OIL, ASSOCIATED OIL CO's. 
79 NEW MONTGOMERY ST. 


CONSULTING GEOLOGIST 
SOUTHERN PACIFIC COMPANY 
65 MARKET ST. 


SAN FRANCISCO 


W. E. WRATHER 


PETROLEUM GEOLOGIST 
6044 BRYAN PARKWAY 


DALLAS TEXAS 


J. ELMER THOMAS 


602 FORT WORTH CLUB BLDG. 


FORT WORTH TEXAS 


FREDERICK W. GARNJOST 


SPUYTEN DUYVIL 


NEW YORK CITY 


ALEXANDER DEUSSEN 
CONSULTING GEOLOGIST 
SPECIALIST, GULF COAST SALT DOMES 


1105-6 STATE NATIONAL BANK BLDG. 
HOUSTON, TEXAS 


FREDERICK G. CLAPP 


50 CHURCH STREET 


NEW YORK 
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IRVINE E. STEWART 
GEOLOGIST 


GREAT FALLS, MONTANA DENVER, COLORADO 
421 FORD BUILDING 926 PATTERSON BUILDING 


FRANK A. HERALD JOHN M. HERALD 


HERALD BROTHERS 


GEOLOGISTS 
PETROLEUM ENGINEERS 


303 COSDEN BUILDING TULSA, OKLAHOMA 


F. JULIUS FOHS 
OIL GEOLOGIST 
51 EAST 42ND STREET, NEW YORK 
CABLES—FOHSOIL BENTLEY & MCNEIL~—-CODES 


NO OUTSIDE WORK DONE 


WALTER STALDER 


PETROLEUM GEOLOGIST 


925 CROCKER BUILDING 
SAN FRANCISCO, CALIFORNIA 


L. A. MYLIUS 


PETROLEUM ENGINEER WITH 
W. C. MCBRIDE INC. 
THE SILURIAN OIL CO. 


704 SHELL BLDG. 1ST NAT. BANK 
ST. LOUIS, MO. CHAMPAIGN, ILL, 


WALLACE E. PRATT 


CHIEF GEOLOGIST 


HUMBLE OIL AND REFINING COMPANY 
HOUSTON, TEXAS 


FRED H. KAY 


ASSISTANT TO THE PRESIDENT 
PAN AMERICAN EXPLORATION COMPANY 


120 BROADWAY NEW YORK 


PHIL B. DOLMAN 


MINING ENGINEER 
PETROLEUM GEOLOGIST 


306 NATIONAL BANK OF COMMERCE 
TULSA, OKLAHOMA 


FRANK BUTTRAM 


PRESIDENT 
BUTTRAM PETROLEUM CORPORATION 


313-314 MERCANTILE BLDG. 
PHONE MAPLE 7277 
OKLAHOMA CITY, OKLA. 


JOHN B. KERR 
PETROLEUM GEOLOGIST 


601 BALBOA BUILDING 


SAN FRANCISCO CALIFORNIA 


CHARLES T. LUPTON 


CONSULTING 
GEOLOGIST 


FIRST NATIONAL BANK BLDG. 
DENVER, COLORADO 


J. E. EATON 
CONSULTING GEOLOGIST 


FOREIGN AND DOMESTIC FIELD PARTIES 


628 PETROLEUM SECURITIES BLDG. 
LOS ANGELES CALIFORNIA 
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J.P SCHUMACHER W. G. SAVILLE 
R. Y. PAGAN A. C. PAGAN 


TORSION BALANCE 
EXPLORATION CoO. 
TORSION BALANCE SURVEYS 


1709 ROSEWOOD AVE. HOUSTON, TEXAS 
PHONE: HADLEY 3952 


THE FORT WORTH LABORATORIES 


Analyses of oil field brines, gas, minerals, and oil. Interpretation of water analyses. 
; Field gas testing. 

F. B. Porter, B.S., Ca.E., President R. H. Fasu, B.S., Vice-President 

828} Monroe Street Long Distance 138 Fort Worth, Texas 
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100,000 feet in 


Mexico 
have been bored successfully with 


Sullivan 


Why is the Diamond Core Drill used 
repeatedly in Mexico for production 
drilling when standard and rotary rigs 
stand idle? 


Because Sullivan Core Drills can: 

- Drill the Shales 
Drill the Limerock 
Control High Pressure and 
Produce a Continuous Core Record 


The Sullivan “P-2” with pressure con- 
trol features is the rig that has done 
most of the Mexico diamond drilling. 
Described in Catalog No. 4480-0. 


Sullivan Machinery Co. 


127 South Michigan Ave. 


Chicago 


GQ, LATEST MODEL OF 
THE EOTVOS TORSION 
BALANCE used for detect- 
ing subterranean formations 
and mineral deposits. Theonly 
one made and guaranteed by 
THE Eotvos GEOPHYSICAL 
INSTITUTE, AT BUDAPEST, 
HUNGARY. 


We train your personnel 


Sold or rented by 


GEORGE STEINER 
Exclusive Representative 
Cotton Exchange Building 

HOUSTON - TEXAS 


Biamond Drills 
— 


THE LEITZ WORKS ARE THE LARGEST MICROSCOPE MANUFACTURERS IN THE WORLD 


LEITZ 


EST’D: 1849 
\\ THE STANDARD OF OPTICAL AND MECHANICAL PRECISION 


PETROGRAPHICAL (Polarizing) 
MICROSCOPES 


In Stock for Immediate Delivery 


The Leitz Works, as 
one of the pioneers in 
the manufacture of Pet- 
rographical Micro- 
scopes, offer seven dif- 
ferent models of these 
microscopes and a large 

Model “SM” with Synchronic variety of accessories 
rotation of the nicols. for same, to afford a 
selection for any and all 
individual require- 

ments. 


Reliable results are possible only with a microscope of 
precision and selecting a Leitz Microscope offers the guar- 
antee of possessing an equipment of utmost efficiency. 


Some of the prominent features of the New Model Leitz 
Petrographical Microscopes are: 

Improved Objective Clutch Changer, guaranteeing the ob- 
jectives to remain permanently centered. 

Anastigmatic Tube Analyzer, eliminating any distortion 
caused by the nicols. 

Special Illuminating Apparatus, affording a universal appli- 
cation for all modes of investigation. 

Enlarged Microscope Tube, accommodating oculars of wide 

iameter, whereby the field of view is increased 50 per 

cent over other types of instruments. 


Write for Catalog (V) III-B. 


OPTICAL ano 
WORKMANSHIP 
60 East lO@Sr.. 


AGENTS: 
Pacific Coast States: Spindler & Sauppé, 86 Third St., San Francisco, Cal. 
Canada: The J. F. Hartz Co. Ltd., Toronto 2, Canada 
Philippine Islands: Botica de Santa Cruz, Manila, P.1. 
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Model “CM” for Research Investigations. 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


OFFICERS FOR 1926-1927 


E. DEGOLYER, Retiring President 
65 Broadway, New York 


ALEX W. McCOY, President C. R. McCOLLOM, Vice-President 

Denver, Colorado Los Angeles, California 
JOHN L. RICH, Editor FRITZ L. AURIN, Secretary-Treasurer 

Ottawa, Kansas Ponca City, Oklahoma 

REGIONAL DIRECTORS 
Eastern 
WILLIAM T. THOM, Jr., U. S. Geological Survey, Washington, D.C. 
North Mid-Continent 


ROBERT H. WOOD, 302 Security National Bank Building, Tulsa, Oklahoma. 


South Mid-Continent 
LEON J. PEPPERBERG, American Exchange National Bank Building, Dallas, Texas. 


Louisiana-Arkansas 
JOHN SMITH IVY, r10o City Bank Building, Shreveport, Louisiana. 


Gulf Coast 
FRANK W. DE WOLF, 3502 Audubon Place, Houston, Texas. 
Rocky Mountain 
DEAN E. WINCHESTER, 230 Steel Building, Denver, Colorado. 
Pacific Coast 
HOYT S. GALE, 1775 Hill Drive, Eagle Rock, Los Angeles, California. 
Mexico 
WALTER M. SMALL, Apartado 76, Tampico, Mexico. 
Venezuela 
FRED H. KAY, Pan American Exploration Company, 120 Broadway, New York City, 

New York. 


THE PACIFIC SECTION 
OFFICERS 


E. F. DAVIS, Chairman 
401 Higgins Building, 2nd and Main Streets, Los Angeles, California 


C. M. WAGNER, Secretary-Treasurer 


Care of General Petroleum Corporation, Higgins Building, 2nd and Main Streets, 
Los Angeles, California 


MEMBERSHIP 


Membership in the Pacific Section is restricted to members of the A.A.P.G. in good 
standing, residing in the Pacific Coast States. Dues of $2.00 per year are payable to the 
Secretary-Treasurer of the Pacific Coast Section. Members of the A.A.P.G. transferring to 
the Pacific Coast are cordially invited to become affiliated with the local section, and to com- 
municate their change of address premptly to the Secretary-Treasurer of the Pacific Section. 
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